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Abstract
Development of an ABA Tool Kit for Audiologists to Increase Hearing Aid Wear Time in
Individuals with Autism
Lindsay Brown
Advisor: Brett Martin, PhD
When working with individuals with the dual-diagnosis of hearing loss and Autism Spectrum
Disorder (ASD), audiologists are often faced with unique challenges and must adapt their
approach in order to more effectively address the needs of these individuals. Currently, there is
only a small body of research focused on the special considerations required for appropriately
fitting and utilizing amplification for children with the dual-diagnosis of hearing loss and ASD.
Subsequently, recommendations and strategies for clinicians to implement when faced with these
common challenges, specifically of hearing aid compliance and appropriate hearing aid wear
time, are lacking. It is important to find new strategies and techniques for audiologists to
implement when working with individuals with this dual-diagnosis of hearing loss and ASD to
more effectively overcome challenges and improve hearing aid compliance.
The field of applied behavior analysis (ABA) shows promise regarding its potential
implementation for audiologists when working with individuals with ASD. ABA is an approach
to treatment with individuals with ASD with a significant body of research supporting its
utilization in a variety of fields and settings. The ABA Tool Kit for Audiologist was developed
in this capstone project to address the need for recommendations and strategies to utilize when
encountering issues with hearing aid compliance and wear time with individuals with the dualdiagnosis of ASD and hearing loss. This tool kit is comprised of a variety of materials for
audiologists to both familiarize themselves with ABA techniques and utilize on an individual
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patient basis. The primary goal of this tool kit is to equip audiologists with the knowledge and
tools needed to foster patient-centered care and improve hearing aid compliance and wear time
for individuals with the dual-diagnosis of ASD and hearing loss through the evidence-based
approach of ABA.
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Background
Autism Spectrum Disorder (ASD) is a developmental disability characterized by a broad
range of symptoms including repetitive behaviors, difficulty with social skills and challenges
with verbal and nonverbal communication (American Psychiatric Association [APA], 2013). As
there are currently no objective medical tests that can be utilized to reliably diagnose ASD, ASD
is typically diagnosed through a developmental screening measure and subsequent
comprehensive diagnostic evaluation(s). During these evaluations, health care providers such as
developmental pediatricians, neurologists, and psychologists looks at the child’s behavior and
development through a variety of measures (Centers for Disease Control and Prevention [CDC],
2019). ASD can sometimes be detected as early as 18 months and younger; by two years of age a
diagnosis of ASD from an experienced professional is considered reliable (Lord et al., 2006;
Pierce et al., 2019). Recent reports indicate that as many as one in 59 children have a diagnosis
of ASD, though prevalence figures vary in the United States as a function of region (CDC,
2018). Figure 1 demonstrates how the number of individuals diagnosed with ASD has continued
to significantly increase over the last fifteen years, with the number of children diagnosed with
ASD rising by 15% from 2012 to 2018.
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Figure 1: Increased Prevalence of Autism from 2004 to 2018. Reprinted from Autism Speaks,
by CDC, 2018, retrieved from https://www.autismspeaks.org/science/science-news/cdcincreases-estimate-autism%E2%80%99s-prevalence-15-percent-1-59-children.
Extensive research has been conducted attempting to establish the reason behind the increase in
the number of individuals identified with ASD. Some of the most widely accepted hypotheses
regarding the increased prevalence include greater awareness of the disorder, effective diagnosis
at earlier ages, and the recognition that ASD is a lifelong condition resulting in ASD diagnoses
of individuals across the lifespan (CDC, 2019; Hertz-Picciotto & Delwiche, 2009; King &
Bearman, 2009).
In 2013, the American Psychiatric Association released the fifth edition of the Diagnostic
and Statistical Manual of Mental Disorders (DSM-5), which is now the standard reference for
healthcare providers used to diagnose mental and behavioral conditions. As defined by the DSM5, ASD is a disorder classified by symptoms in the domain of social communication and
repetitive behavior (APA, 2013). Prior to the DSM-5, there were four separate categories or
diagnostic labels for autism: Autistic disorder, Asperger syndrome, Childhood disintegrative
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disorder, and Pervasive Developmental Disorder Not Otherwise Specified (PDD-NOS) (APA,
2000). Under the DSM-V, the diagnostic label of ASD was created to encompass all four
previously separate categories which were subsequently removed as diagnoses. Additionally, the
criteria for diagnosis of ASD became more explicit, and a primary reason for this change was to
improve the validity of diagnosis (King, Navot, Bernier & Webb, 2014).
Health care professionals, as well as the population as a whole, have become more
educated regarding ASD. People generally now have a better understanding of ASD and
associated symptoms and are subsequently better able to recognize when individuals might
exhibit signs of potential ASD. As a result, more children are getting evaluated for ASD and
obtaining a diagnosis of ASD (Hertz-Picciotto & Delwiche, 2009). This increased awareness has
also resulted in more effective evaluation measures and earlier diagnosis of ASD than in the past.
More individuals are being diagnosed not only because health care providers are better able to
recognize symptoms of ASD at earlier ages, but because the diagnostic measures have become
more effective (Pierce et al., 2019). It is now recommended that all children undergo
developmental screening measures during regular well-child doctor visits at age nine months, 18
months and 24 months; additionally, ASD screening measures are recommended at 18 months
and 24 months, regardless of whether risk factors are present or if concerns exist (CDC, 2019).
The increase in the number of children screened can result in the increase in the number of
children evaluated and in the number of children diagnosed with ASD. The increased awareness
regarding ASD has also resulted in the recognition that ASD is a lifelong condition. As a result
of this, many adults who were previously undiagnosed or misdiagnosed are now becoming
diagnosed with ASD later in life (King & Bearman, 2009). Essentially, experts recognize the
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increased incidence of ASD and primarily attribute it to the greater understanding and awareness
of ASD and the more effective screening and diagnostic tools available for appropriate diagnosis.
With autism being better-identified and the relatively high prevalence of the disorder, it
is becoming increasingly important for health care providers to learn how better evaluate and
manage individuals with autism. Children with ASD require additional support for success in
daily life, both at home and in the classroom, and intervention strategies must be implemented
that are specific to their needs (Estes et al., 2015; Smith, Klorman & Mruzek, 2015). As
healthcare providers, audiologists must remain informed on the unique considerations and
challenges that they may face in the audiologic assessment and intervention when dealing with
those with ASD to ensure appropriate, optimized, and individually-appropriate patient-care.
These challenges in assessment can include behavioral considerations such as hyperactivity and
inattentiveness, language comprehension differences, difficulty adapting to new environments,
hyper-sensitivity to sound, hypo-sensitivity to sound, tactile sensory issues resulting in decreased
tolerance for headphones and various procedures such as otoscopy and slow habituation to
stimuli (Rosenhall, Nordin, Sandström, Ahlsén & Gillberg, 1999; Beers, McBoyle, Kakande,
Santos & Kozak, 2014). Challenges for management of hearing loss can include those mentioned
above, and can also involve issues with testing protocols necessary for verification and
validation, issues adapting to device implementation and noncompliance resulting in inconsistent
device usage. These various challenges will later be explored more fully.
There is no known causal relationship between ASD and hearing loss and no conclusive
evidence of a correlation between these diagnoses (Beers et al., 2014). However, these cooccurring disorders present additional challenges to appropriate diagnosis and management that
must be addressed. It is common for individuals diagnosed with hearing loss to have additional
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diagnoses. Additionally, a subset of individuals diagnosed with ASD have additional
comorbidities, including hearing loss (Simonoff et al., 2008; Szymanski, Brice, Lam & Hotto,
2012). It is estimated that 3.5% of children with ASD have hearing loss, and as many as one in
53 children diagnosed with hearing loss also have ASD (Hansen & Scott, 2018; Gallaudet
Research Institute, 2011).
There is no conclusive evidence that the prevalence of peripheral hearing loss is elevated in
the ASD population compared to the general population (Beers et al., 2014). However, given the
high prevalence of ASD overall and the co-occurrence (in 3.5% of this population) of ASD and
hearing loss, it is imperative for audiologists to recognize the unique challenges of this
population in order to adapt effective diagnostic, intervention, and treatment protocols.
Audiologic Considerations
Diagnostic Delay of ASD
It has been shown that in instances where children have a dual diagnosis of ASD and
hearing loss, the diagnosis of one condition often leads to a significant delay in the diagnosis of
the other condition (Beers et al., 2014; Jure, Rapin & Tuchman, 1991; Roper, Arnold &
Monteiro, 2003). Roper et al. compared the behavior of a group of 13 students with a dualdiagnosis of autism and hearing loss to the behavior of a group of 12 normal-hearing students
with a diagnosis of autism and found no significant differences in presentation and severity of
autism symptomology. This means that, aside from the presence of hearing loss in the
individuals in one group, there were no key differences in the members of both groups. Yet, in
the individuals with both ASD and hearing loss, a conclusive diagnosis of ASD was not made
until as many as five years later than the group with ASD and normal hearing. Therefore, it was
suggested that a diagnosis of hearing loss delayed the recognition and conclusive diagnosis of
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autism by up to five years (Roper, Arnold & Monteiro, 2003). Similarly, in a retrospective study
conducted by Jure & Tuchman, researchers reviewed the charts of 46 children with a dualdiagnosis of hearing loss and ASD and found that in 21 of the 46 children, one of the diagnoses
was significantly delayed (1991). In 11 of the 46 children, ASD was unrecognized and
undiagnosed for over four years following the diagnosis of hearing loss and in 10 of the 46
children, the diagnosis of hearing loss was delayed for several years following the diagnosis of
autism (Jure & Tuchman, 1991). Researchers believe this delay in diagnosis is due to the
increased difficulty in appropriate diagnosis of either condition in the presence of the other due
to the associated communication related issues found in both individuals with ASD and
individuals with hearing loss (Jure & Tuchman, 1991; Roper, Arnold & Monteiro, 2003).
Audiological Evaluation
Currently, it is recommended that a complete audiologic evaluation is conducted in all
children with a suspected or confirmed ASD diagnosis in order to best ensure early diagnosis
and intervention for peripheral hearing loss in this population (Roper, Arnold & Monteiro, 2003).
When conducting a complete audiologic evaluation, traditional test procedures may need to be
modified when assessing individuals with ASD to ensure appropriate diagnosis. Various
difficulties may arise when attempting to test this population including hyperactivity,
inattentiveness, language comprehension differences, difficulty adapting to new situations,
hyper/hypo-sensitivity to sound, decreased tolerance for headphones, inserts, and difficulty
having their ears touched and slow habituation to stimuli (Rosenhall et al., 1999; Beers et al.,
2014). While there are recommendations and the re-assertion that a test battery approach to
testing is crucial, there are currently no universal protocols in place for how to best approach
testing this specific population (Beers et al., 2014).
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There is no consensus on the best procedures to use when conducting audiologic evaluations
of individuals with ASD, however some strategies have been recommended for audiologists to
adapt for more effective evaluation and diagnosis when working with this population. For
example, it is recommended that audiologists send materials, such as online resources, picture
books, picture schedules, and social stories, home prior to the appointment to better prepare the
child for the audiologic assessment (Beers et al., 2014; Davis & Stiegler, 2005). The primary
goal of all of these materials is to describe in detail what the child should expect to occur during
an audiologic evaluation. These resources, social stories, and picture books can include brief
sentences and pictures explaining exactly what will occur at the appointment in order to better
prepare the child for the evaluation (Beers et al., 2014; Davis & Stiegler, 2005). For example,
Connecticut Children's Medical Center has six variations in social stories available on their
website for parents to help better prepare their children for what to expect from an audiologic
evaluation dependent on the specific location and type of audiologic evaluation (Connecticut
Children’s Medical Center, 2017). There is no evidence that any of these techniques, when
implemented, are more effective at preparing a child for an audiologic assessment. The idea
surrounding all of these materials is that by better preparing a child for an audiologic evaluation,
the child will be more willing to cooperate and more effective testing can be performed
(Connecticut Children’s Medical Center, 2017). Another technique recommended for evaluation
of children with ASD is the implementation of breaks throughout testing to combat patient
fatigue and thereby allow the audiologist to obtain more complete, reliable results (Beers et al.,
2014). Counseling parents prior to the evaluation and recommending that they introduce
headphones at home in preparation for the appointment can prevent issues and resistance to
wearing the headphones at the time of the appointment (Beers et al., 2014; Cantiani et al., 2016;
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Cloppert & Williams, 2005; Roesler et al., 2013). It may require multiple appointments to obtain
reliable and complete audiologic test results and to both confirm initial findings as well as to
obtain further findings. The audiologist may not be able to obtain all of the information required
for a definitive diagnosis in only one session (Davis & Stiegler, 2005). A benefit of needing
repeated visits over a short period of time is that a child may become more comfortable and less
resistant to testing procedures as the various test activities become familiar (Davis & Stiegler,
2005).
Advanced preparedness and willingness to adapt behavioral testing measures and assess
the child over the course of multiple appointments can result in more reliable and complete
evaluations (Davis & Stiegler, 2005). However, despite these adaptations, behavioral measures
alone are not always successful when evaluating individuals with autism. Despite implementing
the above strategies, behavioral findings can still be of questionable reliability and test-retest
reliability of audiological thresholds can be poor in this population (Beers et al., 2014; Tharpe et
al., 2006). Tharpe and colleagues found that the majority of children with ASD demonstrated
elevated behavioral audiologic thresholds, despite having normal objective testing measures. The
majority of this population also had greater test-retest variability for pure tone thresholds, as
compared to the general population, and poor pure tone average and speech recognition threshold
agreement (Tharpe et al., 2006). This means that a test battery approach should be used for
individuals with ASD, rather than relying on the results of a single test.
It is standard to use a test battery approach to audiologic evaluation in all populations,
which consists of a thorough case history and various behavioral and objective test measures. In
1976, James Jerger and Deborah Hayes first described the “cross-check principle”, which is still
implemented in audiologic assessment today. The cross-check principle states that no auditory
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test result should be accepted and used in the diagnosis of hearing loss until it is confirmed or
crosschecked by one or more independent measures (Jerger & Hayes, 1976). This is particularly
true for the evaluation of individuals with ASD. The careful analysis of test battery findings
usually results in prompt and accurate diagnosis of auditory function or dysfunction (Hall, 2016).
The original recommended test battery, as outlined by Jerger and Hayes is illustrated in Table 1.
Table 1
Original Recommended Audiologic Test Battery (Jerger & Hayes, 1976)
Behavioral Procedures
Pure tone audiometry:
• Air conduction threshold estimation
• Bone conduction threshold estimation
Speech audiometry:
• Speech awareness threshold (dB)
• Word recognition performance (%)
Objective Procedures
Aural immittance measures:
• Tympanometry (220 Hz probe tone only)
• Acoustic reflexes with tonal and broadband noise signals
(contralateral condition only)
Auditory brainstem response:
• Air-conduction click stimulation
• Bone-conduction click stimulation

Given technical limitations found from instrumentation in the 1970s, tympanometry could only
be assessed using a low frequency (220 or 226 Hz) probe tone and acoustic reflexes could only
be recorded with contralateral stimulation (Hall, 2016). Clinical auditory brainstem response
(ABR) testing was only performed with click stimuli as instrumentation did not include
appropriate parameters for utilizing tone-burst stimuli at this point (Hall, 2016). Jerger and
Hayes recommended this test battery approach to diagnostic evaluation, which was supported by
the cross-check principle, as they recognized the limitations of conventional behavioral
audiometry and thus, the importance of utilizing multiple measures to obtain reliable findings.
The original test battery outlined in Table 1 remained relatively unchanged until approximately
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twenty years later, when otoacoustic emissions (OAEs) testing became widely accessible in
clinical practices and began to be routinely implemented as an additional objective testing
measure (Hall, 2016). The recommended test battery expanded further in 2000 when the Joint
Committee on Infant Hearing (JCIH) recommended utilizing frequency-specific tone-burst and
bone conduction ABR measurements when assessing infants and difficult-to-test children. The
JCIH’s most recent position statement recommends that at least one ABR test be included as part
of a complete audiologic evaluation for children younger than three years of age to confirm
permanent hearing loss (JCIH, 2007). Auditory steady state response (ASSR) testing can also be
implemented for estimation of auditory thresholds, especially in children with severe to profound
hearing loss (Hall, 2016). The American Academy of Audiology (AAA) developed practice
guidelines for the assessment of hearing in infants and young children and outlined their
recommended test battery approach for this general population which can be found in Table 2.
Table 2
Audiologic Test Battery for Infants and Young Children (American Academy of Audiology, 2012)
Case History
Relevant medical and developmental history (including prenatal and
perinatal history)
Newborn hearing screening results
Risk factors for infant hearing loss and progressive/late onset hearing
loss
Development of motor, cognitive and vision skills
Emerging communication milestones, including receptive and
expressive speech and language
Parent/caregivers judgements regarding responsiveness to sound
Otoscopy
Examination of outer ear noting any abnormalities or malformations
Examination of ear canal
Examination of tympanic membrane
Behavioral Assessments
Behavioral observation: under approximately six months
(change with
developmental age or others unable to participate in behavioral
developmental age)
audiometry
• Real world behavioral observation: use of functional auditory
assessment tools completed by parent/caregiver and reviewed by
audiologist
• Present or absent responses
• Startle responses
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Observational and not intended as predictive of auditory thresholds
Visual Reinforcement Audiometry (VRA): approximately 5-24
months developmental age
• Minimum response levels (MRLs) for speech stimuli
• Minimum response levels (MRLs) for tonal stimuli
Speech audiometry: approximately six months developmental age
• Speech reception threshold (SRT)
o Responses to spondee words orally or through picture
pointing
o Pointing to body parts (if unable to respond to spondees)
• Speech awareness threshold (SAT)
o If unable to obtain SRT
• Supra-threshold speech perception testing
o Open-set or closed-set
o Word or sentence repetition
Conditioned Play Audiometry (CPA): approximately two-five years
developmental age
• Frequency-specific tonal stimuli
• Speech Audiometry
o Speech reception thresholds
Conventional behavioral test measures: approximately five years
developmental age
• Pure tone audiometry
• Speech audiometry
Acoustic Immittance: all developmental ages
• Tympanometry
o 226 Hz probe tone
o 678 Hz or 1000 Hz probe tone (infants under six months
of age)
• Acoustic reflex testing
o Ipsilateral acoustic reflex threshold testing
o Contralateral acoustic reflex threshold testing
Otoacoustic Emission (OAE) testing: all developmental ages
• Transient-evoked OAEs
• Distortion product OAEs
Auditory Brainstem Response (ABR): newborns, infants, and
individuals with incomplete or unreliable behavioral tests
• Tone-burst ABR
o Frequency specific air conduction thresholds
o Frequency specific bone conduction thresholds (with
contralateral masking)
• Click ABR (to rule out auditory neuropathy)
Auditory Steady State Response (ASSR): Especially for populations
with absent ABR response
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AAA’s recommended test battery, developed specifically for a pediatric population, expands
greatly upon the original test battery as recommended by Jerger and Hayes in 1976. The use of a
test battery approach is still recommended as the cross-check principle is still followed in the
field of audiology. Current pediatric audiology practices dictate that behavioral and physiologic
and, in some instances, electrophysiologic assessments, should be incorporated into a complete
audiologic evaluation to confirm findings (AAA, 2012). Behavioral assessment remains the gold
standard of hearing measurements and the AAA test battery recommends implementing different
behavioral procedures that change with developmental level in order to obtain more specific
behavioral findings as children mature. It is important to note that the approximate ages for
which the utilization of behavioral assessment, visual reinforcement audiometry (VRA),
conditioned play audiometry (CPA) and conventional assessment is deemed appropriate is
determined by the child’s developmental age, not the child’s chronological age (Sabo, 1999). It
is imperative for audiologists to recognize this when assessing children and adults with ASD, as
often times the individual’s chronological age is not reflective of their developmental age. If the
audiologist does not accurately establish the individual’s developmental age prior to testing, they
could be unable to get reliable results from behavioral measures, simply because they are not
using the appropriate testing method throughout their assessment. Thus, when conducting
behavioral audiometry with this unique population, it is important to be willing to adapt and try
various methods of behavioral testing in order to obtain the most complete and reliable results.
The test battery from Table 2 also includes the implementation of tympanometry
conducted using a high frequency probe tone for infants below six months of age, and
otoacoustic emissions testing measures for children of all developmental ages. The
electrophysiologic measures of ABR and ASSR are also a key part of the test battery for certain
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populations, such as newborns and difficult to test individuals, as they are objective measures
that can estimate thresholds in the absence of reliable behavioral findings.
A complete audiologic assessment does not require the use of the entire pediatric test
battery, as outlined above. While some of the measures should be implemented with all patients,
including case history, otoscopy, tympanometry, behavioral audiometry and OAE testing, the
other procedures are outlined as possible additions for instances where a more thorough
assessment may be needed for reliable findings (AAA, 2012). As previously stated, objective test
measures, including physiologic and electrophysiologic assessments, can allow for reliable
diagnosis in individuals where limited behavioral findings can be obtained.
As previously stated, in some instances behavioral approaches to the audiologic
evaluation in children with a diagnosis of ASD are not reliable or are unable to be obtained,
despite the modification of traditional audiologic evaluation procedures. In these cases, although
conclusive findings cannot be established through behavioral measures, reliable results and
diagnosis of hearing status can still be determined through objective test measures.
Otoacoustic emissions testing is a quick and reliable measure of cochlear/outer hair cell
function. While OAEs are not a direct measure of hearing, they provide vital information
regarding the status of the peripheral auditory system and the likelihood of sensory hearing loss
when assessed in the absence of outer/middle ear pathology (AAA, 2012). In cases of absent
OAEs in the presence of confirmed normal middle ear function, the findings suggest audiologic
dysfunction involving the outer hair cells and a sensory hearing loss of approximately 30-40dB
HL or greater (AAA, 2012). OAE testing has been found to be a valuable component of the
audiologic test battery for children with a diagnosis of ASD (Grewe, Danhauer, Danhauer &
Thornton, 1994). However, the presence or absence of OAEs alone are not sufficient for
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determining if an individual has hearing within normal limits or a hearing loss, and thus, these
results should be interpreted in conjunction with other test findings.
Tone-burst ABR testing is an objective assessment measure that provides frequencyspecific hearing thresholds. Surface electrodes record neurological activity at the level of the
brainstem in response to auditory stimuli which provides information regarding the level at
which the individual’s auditory system is detecting the tone-burst stimuli for each frequency
assessed. The frequency-specific ABR threshold results are considered a reliable predictor of
behavioral thresholds and is considered the best tool for approximating hearing thresholds in the
absence of reliable behavioral assessment (Beers et al., 2014). For many individuals with ASD
for which hearing loss is suspected, ABR testing is required as part of the test battery in order to
confirm findings and reliably establish the individual’s frequency specific thresholds.
The standard procedures and protocols for audiologic assessment may not be sufficient
for the appropriate diagnosis of hearing status for individuals with ASD. See Table 3 below for a
brief overview of some of the tests utilized in an audiologic test battery and the considerations
for implementation with individuals with ASD.
Table 3
Audiologic Test Battery and Considerations for Individuals with ASD
Test
Auditory information obtained
Considerations for utilization with
individuals with ASD
Case History
• Medical and developmental
• Obtain prior to other testing:
history
o Determine potential reinforcers
o Determine any sensory aversions (ex:
• Results from previous audiologic
will not tolerate headphones)
evaluations (including newborn
o Allows time for child to become adjusted
hearing screening results)
to testing environment
• Risk factors for hearing loss
• Obtain after other testing is conducted:
• Relevant milestones
o Time consuming; avoid fatigue, attention
• Parent/caregiver judgements
difficulties, impatience
Otoscopy
• Examination of outer ear
• Benefits:
• Examination of ear canal
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•

Immittance
Testing

Examination of tympanic
membrane

Tympanometry:
• Assessment of tympanic
membrane mobility
• Abnormal results suggestive of
outer and/or middle ear pathology
Acoustic Reflex Testing:
• Abnormal results can be
suggestive of peripheral or central
pathology
• Abnormal results can suggest
issues with auditory pathway not
addressed/diagnosed with
behavioral measures alone (ex:
central pathology)
OAE Testing: Transient-Evoked OAEs
Transient(screening):
Evoked
• Passing result is suggestive of no
OAEs,
greater than a mild HL
Distortion
Distortion Product OAEs
Product OAEs (screening):
(screening
• Passing result is suggestive of no
and
greater than a mild-moderate HL
diagnostic)
Distortion Product OAEs
(diagnostic):
• Present and robust responses are
suggestive of no greater than a
mild-moderate HL at that
frequency region
ABR
High-intensity click ABR:
• Presence or absence of auditory
neuropathy
Tone-burst ABR:
• Diagnosis of hearing loss
• Degree and configuration of hearing loss

15
o Quick assessment of potential conductive
pathologies (ex: cerumen, external otitis,
etc.)
• Limitations:
o May have difficulty tolerating procedure
due to various sensory aversions
o Could result in unwillingness to comply
with other, less invasive measures
• Benefits:
o Quick assessment of potential
pathologies
• Limitations:
o May have difficulty tolerating procedure
due to various sensory aversions
o Could result in unwillingness to comply
with other, less invasive measures

•

Benefits:
o Relatively quick test measure
o Relatively reliable assessment of overall
hearing ability
▪ Rule out most HL when present
response
o Information on hearing ability without
any reliable behavioral response required
• Limitations:
o Sensitive to movement
o Sensitive to background noise
o Difficult to obtain reliable result in
individuals unable to tolerate
procedure/remain quiet and still
• Benefits:
o Provides complete audiologic
information regarding hearing ability and
functionality of entire auditory system
o Does not require behavioral responses
from individual
• Limitations:
o Time consuming
o Highly sensitive to noise and movement

Development of an ABA Tool Kit for Audiologists

16

ASSR

•
•

Diagnosis of profound hearing loss •
Present ASSR at high level with
absent ABR response
•

Pure tone
Assessments:
VRA, CPA,
Conventional
testing

•

Presence or absence of hearing
loss
o Degree and configuration of
hearing loss

•

Speech
threshold
testing: SRT
and SAT

•

Lowest level at which individual
appropriately responds to speech
Compare to pure tone findings to
confirm degree of hearing loss

•

•

•

•

o Requires individual to be asleep or
sedated
Benefits:
o Diagnosis of hearing loss
Limitations:
o Highly sensitive to noise and movement
o Requires individual to be asleep or
sedated
Benefits:
o Gold standard for diagnosis of hearing
loss
Limitations:
o Difficulty conditioning to task
o May have difficulty tolerating
headphones/insert earphones
o Inconsistent responses can be common
o May be indicative of minimum response
levels (MRLs) rather than true
thresholds
Benefits:
o Corroboration between speech and pure
tone measures can help determine if pure
tone results are indicative of MRLs
Limitations:
o Adjustment in procedure may be
necessary: poor articulation, limited
vocabulary, limited-no expressive
language
▪ May need to utilize pointing task,
SAT
o May need to alter speech stimuli
presented if unresponsive to something
more reinforcing for the individual (ex:
favorite song)

As previously stated, there are various modifications to traditional testing procedures that
audiologists can implement to obtain more reliable results from behavioral measures such as the
usage of social stories and allowing breaks from testing (Beers et al., 2014; Davis & Stiegler,
2005). Additionally, the utilization of a test battery approach to assessment helps to establish
more clear, complete, and reliable findings (AAA, 2012; Hall, 2006; Jerger & Hayes, 1976).
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When audiologists are unable to draw clear conclusions from the assessments utilized for a
typical assessment alone, additional objective test measures such as ABR testing can be used
(AAA, 2012; Beers et al., 2014; Hall, 2006). Additionally, although not yet commonly
implemented in a clinic setting, cortical potentials have shown promise for their utilization with
this population as well (Davis & Stiegler, 2005; Jerger & Musiek, 2000). By acknowledging the
unique considerations faced in audiologic evaluations for children with ASD and adapting and
implementing additional test measures when evaluating this population, audiologists are able to
effectively and reliably determine hearing status in these individuals and diagnose hearing loss in
children with ASD.
Audiological Management
For individuals in which a dual diagnosis of ASD and hearing loss exists, there are
significant considerations in the management and treatment of hearing loss. Researchers have
found that the co-occurrence of ASD plus hearing loss compounds communication and linguistic
deficits, making these problems more severe than in individuals with either diagnosis alone
(Rosenhall et al., 1999). Thus, effective intervention and treatment strategies are imperative, to
minimize the educational impacts.
The unique needs and challenges faced by this population require more complex treatment
protocols as compared to individuals with hearing loss alone. In addition to the significantly
varied auditory responses found in individuals with ASD, the general social, behavioral, and
communication issues associated with this population result in increased difficulty in treatment
and intervention (Vernon & Rhodes, 2009). Audiologic intervention and treatment can include a
variety of options including hearing aids, cochlear implants, assistive listening devices,
classroom modifications, counseling (for the individual and/or for the parents), support groups,
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aural habilitation and rehabilitation, and education (AAA, 2004). While all of these can be vital
aspects of audiologic intervention, for many individuals amplification and hearing aids are the
first step to providing access to sound. Audiologists are the single professional that are
knowledgeable and competent to manage all aspects of amplification (AAA, 2013). Children
with unilateral hearing loss, mild hearing loss, auditory neuropathy spectrum disorder (ANSD),
permanent conductive hearing loss (when anatomically able), and profound hearing loss (prior to
cochlear implant evaluation) are all candidates for amplification (AAA, 2013). There is no
evidence suggesting that individuals with additional diagnoses, including ASD, should not be fit
with amplification when they have been diagnosed with hearing loss (AAA, 2013). Therefore, it
is important to evaluate the impact an additional diagnosis of ASD can have on the fitting,
utilization, and success of amplification for children with ASD and hearing loss.
Amplification Considerations
One key issue audiologists may face when fitting children with ASD with hearing aids is
sensory issues, including both hypersensitivity and hyposensitivity to sound, that the individual
may have.
Many individuals with ASD suffer from hypersensitivity to loud sounds. The prevalence of
hyperacusis in individuals with ASD is still not definitively established, with sources reporting
that the number of individuals with ASD that have hyperacusis ranges from 16% to 100%
(Gravel, Dunn, Lee & Ellis, 2006). When individuals have both ASD and hyperacusis, it is
common to see them exhibit behaviors such as startling, covering their ears, or expressing panic,
such as through flight or crying, in the presence of moderately loud sounds (Rosenhall, Nordin,
Sandström, Ahlsén & Gillberg, 1999; Khalfa et al., 2004). It is important to note that when
individuals with ASD present with hyperacusis, this is strictly a sensory issue that is not
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correlated to their audiologic thresholds (Gravel et al., 2006). Another important note is that
providers should not assume that an individual will have hyperacusis simply because they have a
diagnosis of ASD. ASD is characterized by a broad range of symptoms and is varied in its
presentation across individuals. In fact, some individuals with ASD experience hyposensitivity to
sound and may express indifference to auditory stimuli, regardless of the sound’s intensity level
(Khalfa et al., 2004).
The hyperacusis and hyposensitivity to sounds often faced by individuals with ASD is
commonly recognized as a challenge to appropriate diagnosis of hearing loss in this population.
Although this is less commonly discussed in regards to effective audiologic management, it is
also a key factor that must be addressed when approaching intervention strategies for individuals
with ASD plus hearing loss. When attempting to appropriately fit individuals with ASD with
amplification, the display of either under-reactive or over-reactive behaviors in response to
auditory stimuli can make validation measures less reliable. It can also result in increased
difficulty for hearing aid verification as effectively meeting target gain while ensuring that sound
remains comfortable and clear for the individual can be a challenge. For individuals with
hyperacusis, it can be challenging to meet target output gain as a result of the individual’s
significantly reduced dynamic range. For individuals with hyposensitivity to auditory stimuli,
although reduced dynamic range is not a concern, audiologists may still encounter challenges
when fitting amplification as it can be difficult to detect or perceive any noticeable change in
behavior once amplification is provided.
In addition to the various sensory issues children with ASD may have, there are also
behavioral considerations that may impact the audiologist’s approach to the appropriate
procedures utilized in hearing aid fitting and follow-up appointments. Challenges adapting to
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change, difficulty regulating their emotions and/or expressing them appropriately may result in
disruptive or aggressive behaviors. As the issues audiologists commonly encounter when
conducting behavioral assessments can make assessments of aided benefit difficult; the
implementation of the strategies described earlier, such as utilization of social stories, positive
reinforcement, and break-taking during testing, remain crucial post-fitting. Some research also
suggests the possible clinical utility of cortical potentials as latency changes can be seen in some
individuals before and after device fittings (Sharma et al., 2002). If objective measures could be
implemented clinically to assess aided benefit in the future, more conclusive information could
be established regarding amplification benefit for individuals in which behavioral assessment
results are unreliable. As these objective measures are not yet able to be effectively utilized in a
clinical setting, a test-battery approach and adaptations to individuals’ needs in assessment
protocols are still vital tools for audiologists.
Post-fitting of amplification, audiologists may face additional challenges as the individual
may have more difficulty adapting to amplification than a child with hearing loss alone. Given
the additional considerations required by audiologists when fitting a child with ASD and hearing
loss with hearing aids, a thorough review of the literature surrounding audiologic treatment
measures for this population is necessary to determine appropriate modifications, techniques and
strategies audiologists should take to ensure the best amplification success rates and outcomes
for this population.
Research on Hearing Loss and Multiple Diagnoses
Although children with multiple disabilities, including those with ASD, have been found to
benefit from various types of amplification, they have been found to benefit to a much lesser
extent than children with the sole diagnosis of hearing impairment (Donaldson et al., 2014; Holt
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& Kirk, 2005; Waltzman et al., 2000; Kaga et al., 2007; Cupples et al., 2013). Many studies have
been conducted to determine possible factors and reasons for this. Several studies looked at the
degree of benefit for individuals with cochlear implants and multiple disabilities and have
concluded that degree of intellectual disability does not impact success rates in cochlear implant
users (Berrettini et al., 2008; Fukuda et al., 2003; Holt & Kirk, 2005; Lee, Kim, Jeong, Kim &
Chung, 2010). Although the research findings were restricted to cochlear implant success rates,
the finding that degree of cognitive impairment does not explain the disparity in outcomes is
undoubtedly still relevant, as this suggests that there are other key barriers to the success of
treatment that must be better addressed.
Research evaluating amplification success rates and outcomes for individuals with hearing
loss and multiple disabilities, including those with the duel diagnoses of hearing loss and ASD, is
lacking. The majority of research in this area focuses on outcomes for children with multiple
disabilities fit with cochlear implants; few studies focus on outcomes for children with multiple
disabilities that are fit with hearing aids. A review of the literature revealed only three current
studies that examined amplification success rates in individuals with multiple disabilities, and/or
those with hearing loss plus ASD. All three studies established the potential benefit for
individuals with additional diagnoses. Researchers from all three studies therefore concluded that
although success rates may vary in individuals with hearing loss and additional disabilities,
children with hearing loss should be fit with amplification when possible, regardless of
additional diagnoses.
The first of these studies, conducted by Kaga et al. in 2007, evaluated the impact of hearing
aids for individuals with multiple disabilities using their own independently created scale of
developmental auditory behaviors. The scale included observable improvements in behavior,
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including apparent responses to environmental sounds or voices and changes in the quality or
amount of vocalization. 33 subjects were included in this study, and were divided into two
groups; group one consisted of five children with hearing loss and no other known issues or
diagnoses and group two consisted of 28 children with hearing loss combined with other
diagnoses aged one-five years. None of the subjects surveyed had a diagnosis of ASD
specifically, although subjects had multiple diagnoses in addition to the diagnosis of hearing loss
including intellectual disabilities, cerebral palsy and Cornelia de Lange syndrome. Post-hearing
aid fitting, 17 of the 28 subjects with hearing loss plus additional diagnoses showed
improvement in auditory and communication behaviors based on the developmental scale. Of the
11 other subjects in this group, five showed no apparent improvements and six were unable to
adapt to wearing hearing aids. There were significant between-group differences in the
developmental auditory behavior scores after hearing aid fitting. Overall, the group with hearing
loss plus additional disabilities showed significantly less improvement in developmental auditory
behavior as compared to the control group with hearing loss alone. This suggests that the
diagnosis of hearing loss combined with additional disabilities can significantly impact success
with amplification. Researchers also found high variability in improvement with amplification
among individuals within the group of hearing loss and additional disabilities; this serves to
show that not all individuals with hearing loss and additional disabilities will have the same or
even similar outcomes post-hearing aid fitting. Specific reasons for this high variability in
outcome within this group were not explained by researchers and no conclusions were drawn in
this study regarding possible factors underlying success with amplification in the group with
multiple diagnoses. Additionally, researchers did not address potential ways to adapt
amplification intervention approaches for those individuals who did not show improvement
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and/or were unable to adapt to hearing aid usage. Although the researchers’ findings were
limited, the conclusions drawn from this study were still important to address when considering
amplification for children with additional diagnoses. In general, this study determined that most
of the individuals with hearing loss combined with additional diagnoses showed some degree of
improvement in auditory developmental behaviors after hearing aid fitting. As a result, the
researchers concluded that children with hearing loss, regardless of additional diagnoses, should
be fit with hearing aids when hearing loss is present (Kaga et al., 2007).
In the second of these studies, performed by Cupples et al. in 2013, researchers evaluated the
speech, language and functional auditory outcomes of 3-year-old children with hearing loss plus
additional disabilities. This study included a large sample of 119 children, all of whom had
hearing loss, and who were then divided into eight groups based on their additional diagnosis.
The eight groups were as follows:
1. ASD
2. cerebral palsy (CP)
3. developmental delay (DD) with a syndrome/condition other than ASD or CP,
4. DD (excluding those described in #3)
5. Visual impairment
6. Speech output disorder
7. Various syndromes (not entailing DD)
8. Medical issues
Within these groups the degree of hearing loss varied significantly as did the specific audiologic
intervention/treatment provided, which included children receiving hearing aids and children
receiving cochlear implants. Both formal assessments of speech and language development, and
more subjective measures based on parent/clinician report, were utilized to evaluate outcomes
regarding receptive language, expressive language, speech intelligibility, and functional auditory
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performance. Receptive language outcomes were evaluated using the PLS-4, Child Development
Inventory (CDI), and Peabody Picture Vocabulary Test Fourth Edition (PPVT-4). Expressive
language outcomes were evaluated using the PLS-4 and CDI. Speech output was evaluated using
the Diagnostic Evaluation of Articulation and Phonology. Speech Intelligibility Rating (SIR) and
functional auditory performance was assessed using the Parent Evaluation of Aural/Oral
Performance of Children (PEACH). The Overall results indicated that children with hearing loss
combined with ASD, CP and DD achieved lower receptive and expressive language outcomes,
as demonstrated in Table 4.
Table 4
Receptive and Expressive Language Scores by Disability Group (Cupples et al., 2013)
PLS-4 Mean Score
CDI Mean Score
Disability
Receptive
Expressive
Receptive
Expressive
Group
Language
Language
Language
Language
ASD, CP and
23.0
25.7
12.6
11.2
DD
Other
33.3
36.7
28.3
28.8
disabilities
When controlling for gender, degree of hearing loss, device type (hearing aid or cochlear
implant), oral or mixed communication at home, level of maternal education, age at initial
hearing aid fitting, and age at initial cochlear implant activation, disability group accounted for
15-21% of the variance in language outcomes. More simply, children with hearing loss
combined with ASD, CP, and/or DD achieved consistently poorer outcomes, as assessed on all
measures utilized, than children in all of the other disability groups studied.
It should be noted that of the 119 subjects, only nine had a diagnosis of hearing loss plus
ASD. Researchers found that children with ASD attained the lowest average scores on the
receptive and expressive language scales of the PLS-4 and CDI when compared to all other
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disabilities, including CP and DD. Given the limited data, outcomes for children with ASD could
not be further investigated separately, and researchers drew formal conclusions based on the
collective group of ASD, CP, and DD. Given the significant differences that exist among
individuals with each specific diagnosis, the researchers recognized the potential weaknesses
resulting from this grouping. They recommended that additional research be conducted to
compare the outcomes of children with hearing loss plus ASD to the outcomes of children with
hearing loss with CP and/or DD (Cupples et al., 2013).
The third study was a population-based study that specifically examined the
characteristics and management of children with hearing loss plus ASD (Fitzpatrick, Lambert,
Whittingham & Leblanc, 2014). The participants were children ages 0-18 years with permanent
hearing loss and a documented diagnosis of ASD from one region in Canada. Of the 785 children
with hearing loss, 720 children received long-term follow-up. Of these children, 48 underwent
additional evaluations for ASD. 17 of the 48 children then received a confirmed ASD diagnosis,
resulting in a total of 17 study participants (Fitzpatrick et al., 2014). The audiological profile and
clinical characteristics of this group of 17 children was examined, along with the clinical
recommendations that followed the initial diagnosis of hearing loss (Fitzpatrick et al., 2014). Of
the 17 study participants, 12 had bilateral sensorineural hearing loss of varying degrees at initial
diagnosis and five had unilateral hearing loss at initial diagnosis; four of the children with an
initial diagnosis of unilateral hearing loss later progressed to a diagnosis of bilateral hearing loss.
Only one of the 17 children, who had a mild high frequency hearing loss in the better ear, never
received a recommendation for amplification. 15 children were fit with hearing aids and/or FM
systems and one child with bilateral profound hearing loss received a cochlear implant
(Fitzpatrick et al., 2014).
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The time from hearing loss diagnosis to device recommendation ranged from the same
appointment to as long as 4.8 years post-initial diagnosis, resulting in age of initial fitting
ranging from age 3 months-11 years (Fitzpatrick et al., 2014). Those with long time delays
between confirmation of hearing loss and amplification recommendation all had unilateral
hearing loss. Post-fitting, nine of the 16 children consistently used their devices. Of the seven
remaining children, two were lost to follow-up, three did not use or had inconsistent use of
amplification and two stopped utilizing amplification based on audiologists’ recommendations
(Fitzpatrick et al., 2014).
Researchers found that the rate of use of hearing technology for the children was
considerably lower than the same clinic’s overall rate of use for their general pediatric
population. For the general pediatric population fit with amplification by the same clinic, 83%
are documented as maintaining consistent hearing technology usage, as compared to the 56%
found in the current study (Fitzpatrick et al., 2014). The external validity of this study was
limited by the small sample size and geographic restriction to one region in Canada. Further
large-scale investigations are needed to determine if this data is representative of other areas, but
this study does provide useful insights into amplification practices for children with ASD. The
audiologic management of hearing loss for most children with ASD followed traditional
protocols based on degree and type of hearing loss. However, the researchers did find significant
differences in the clinical management of hearing loss for some of the children with ASD
including: significant delays in intervention and fitting, no recommendation for hearing
technology for some individuals with diagnosed hearing loss, inconsistency in utilization of
amplification post-fitting, and recommendation to discontinue hearing aid usage. Ultimately,
while most audiologists have observed and/or anticipated some degree of benefit from
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amplification for children with the dual diagnosis of ASD and hearing loss, audiologists need to
incorporate better-targeted intervention strategies and expectations for this population
(Fitzpatrick et al., 2014).
Possible Barriers to Success
As previously stated, one potential weakness of the large-scale research study conducted by
Cupples et al. was the limited data available for analysis for children with ASD specifically
(2013). This was primarily due to the small number of participants (nine total) with ASD.
Another weakness in this study was in the administration of assessments. Researchers found that
children with hearing loss and ASD were least likely to cope with formal testing demands, as
compared to children with all other disabilities, with 77.8% of children with ASD unable to cope
with the demands of PPVT-4 assessment task and 100% of children with ASD unable to cope
with the demands of the DEAP assessment task (Cupples et al., 2013).
While researchers were able to conclude that children with ASD were least likely to cope
with the demands of assessment, they did not make any statements regarding why this was the
case or what aspect of the task these participants specifically struggled with (Cupples et al.,
2013). Further, no modifications were made to the research procedure when administering the
formal assessment to children with ASD, despite the fact that modifications were made when
assessing individuals with other disabilities. For children with visual impairments, additional
time was provided to children to look at pictures and children with poor hand control were
provided with larger blocks. Yet, no accommodations were provided to children with ASD,
despite their inability to cope with the demands of assessment (Cupples et al., 2013). One could
hypothesize that additional accommodations, such as the provision of a break during testing for
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example, may have altered performance on formal assessments and ability for the subjects to
complete additional test measures.
In the study conducted by Kaga et al., six of the 28 participants (21%) with hearing loss plus
various multiple disabilities could not adapt to wearing hearing aids (2007). Subsequently, these
six participants had to be excluded from data analysis. However, it is difficult to extrapolate
further pertinent information regarding potential barriers to success for this population, as
researchers did not discuss the possible factors underlying noncompliance in this population.
Similarly, in the study conducted by Fitzpatrick et al., researchers found that three of the 16
children fit with amplification did not use, or had inconsistent use, of their hearing aids for
unspecified reasons and two of the 16 children discontinued hearing aid usage based on
audiologist recommendation (2014). For one of these two children, it was reported that the
reason the audiologist recommended discontinuing amplification was that parents were
unsuccessful in getting their child to use the hearing aids (Fitzpatrick et al., 2014). Ultimately, of
the 16 subjects with hearing loss plus ASD who were fit with amplification, several had issues
with consistent usage, and one subject had such significant difficulty with continued usage that
the audiologist eventually recommended to discontinue hearing aid use, despite the diagnosis of
hearing loss (Fitzpatrick et al., 2014).
Researchers in all of the aforementioned studies encountered difficulties with compliance;
with participants being unable to comply with the demands of assessment tasks and/or hearing
aid usage. However, when addressing the issues of noncompliance and inability to adapt to
hearing aids and/or assessment measures, there was a significant lack of specificity.
Subsequently, one can only conclude through these studies that noncompliance issues

Development of an ABA Tool Kit for Audiologists

29

undoubtedly exist in the effective treatment of individuals with the dual diagnosis of ASD and
hearing loss.
Noncompliance
Noncompliance is defined as the failure to follow an instruction within a specified period of
time (Fischetti et al., 2012). Noncompliance is commonly observed in children with ASD and
has been found to impede learning, limit opportunity to participate in normal activities, disrupt
peer relations, and to lead to more severe behavioral issues (Autism Speaks, 2012; Banda,
Neisworth & Lee, 2003). Research indicates that frequent and consistent hearing aid usage is
essential to achieving maximum benefit from amplification, especially in children (Muñoz &
Hill, 2015). Therefore, noncompliant behavior and the subsequent inability to adapt to consistent
hearing aid usage in children with ASD plus hearing loss results in increased difficulty in
obtaining positive outcomes post-amplification fitting. The concept of achieving positive
outcomes post-amplification can be defined in a variety of ways. In some studies, individuals
were considered to have achieved positive outcomes based on improvement on various formal
assessment measures such as developmental scales and speech and language assessments or
based on more subjective measures such as parent/caregiver report (Cupples et al., 2013;
Fitzpatrick et al., 2014; Kaga et al., 2007). Or, as not currently addressed in the literature, a more
basic definition of positive outcomes for individuals with significant issues with noncompliance
could simply be successfully adapting to consistent hearing aid usage.
Clinical Approach to Intervention
The paucity of research specifically addressing this issue of noncompliance and adaptation
issues experienced by children with the dual diagnosis of hearing loss and ASD is unsurprising
given that most researchers have found that effective audiologic diagnosis of hearing loss in
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children with ASD is in itself, challenging (Beals, 2004; Hansen & Scott, 2018; Myck-Wayne,
Robinson & Henson, 2011; Szymanski et al., 2012; Tharpe, Fino-Szumski & Bess, 2001; Vernon
& Rhodes, 2009). The additional considerations audiologists must take when diagnosing
individuals with ASD with hearing loss are also potential factors in audiologic treatment for this
population post-diagnosis. Individuals with ASD have complex needs and issues that all health
care providers and professionals should be aware of. Unfortunately, published patient reports
indicate that, from an individualized family perspective, audiologists involved in the treatment
and care of individuals with ASD and hearing impairment have failed to provide specific,
reliable, and effective intervention strategies (Beals, 2004; Myck-Wayne et al., 2011).
One mother’s account of professionals’ treatment of her family and her son from the time of
his initial diagnosis of profound hearing loss, to his cochlear implant surgery, to his later
additional diagnosis of ASD, describes those involved in her son’s intervention as judgmental,
isolating, and maladaptive (Beals, 2004). When she describes her son’s treatment, for both his
diagnosis of hearing loss and his diagnosis of ASD, the intervention is entirely separate, with all
of the professionals involved treating one aspect of his care, be it expressive language, behavior,
or hearing loss, independently. She reported that the providers all independently utilized methods
that were not specific to her son as an individual (Beals, 2004).
In the 2011 study conducted by Myck-Wayne et al., researchers sought to obtain a better
understanding of parental perspectives regarding the issues faced in diagnosis and intervention
strategies for children with ASD plus hearing loss through four individual case studies. The
researchers primarily obtained data through in-person interviews and a thorough review of the
documents that were related to both diagnoses. These documents included: current and past
individualized family service plans (IFSPs) and individualized education programs (IEPs),
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medical reports, developmental assessments, audiograms, reports from psychologists, and
behavior plans. All four of the children had a diagnosis of ASD and profound hearing loss, for
which three children utilized bilateral cochlear implants and one child utilized binaural
amplification. In regards to the overall intervention services involved for both diagnoses, which
included auditory verbal therapy (AVT), applied behavior analysis (ABA) therapy and device
fitting, researchers found that three of the four families were frustrated by the intervention
approaches and felt alone in the process of identifying and coordinating appropriate services.
Only one family’s service providers worked together and implemented intervention strategies
focused on both hearing loss and the ASD. Comparatively, the service providers for the three
other families reportedly worked entirely separately, and when providing intervention services
for hearing loss, did not utilize any strategies that were specific to individuals with ASD, instead
focusing on traditional approaches to hearing loss intervention, with no collaboration occurring
in any aspects of the child’s treatment plan (Myck-Wayne et al., 2011). One family reported that
the AVT therapist expressed concern about including the ABA interventionist in their
intervention and required the family implement ABA in isolation. Another family reported that
after enrolling their daughter in a D/HH preschool and kindergarten program, they found that the
program did not appear to have the knowledge or interest required to address their daughter’s
needs. The family stated that the D/HH program providers ignored the IEP requirements outlined
for teaching methods to implement specifically for their daughter due to her additional diagnosis
of ASD. Similarly, another family noted that while their son eventually was able to receive
services required for his needs as an individual with ASD and profound HL, he had to transfer
school programs three times. This was because the D/HH program staff stated they were not
prepared to work with a child that had ASD and the staff of programs for children with multiple
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disabilities said they were not prepared to work with a child that had profound hearing loss. It
was not until the D/HH school program created a class for children with ASD several months
later that his needs were finally appropriately met (Myck-Wayne et al., 2011).
When surveying audiologists across the United States regarding hearing aid fitting practices
for children with multiple impairments (including ASD), findings suggested that children with
hearing loss and additional disabilities are typically fit with the same type of amplification, and
with the same protocols and approaches, as those with the sole diagnosis of hearing loss (Tharpe
et al., 2001). This is consistent with the above-mentioned individual family accounts of
intervention, in which most families struggled to find appropriate intervention strategies as a
result of the lack of individualized care by various providers. In its most recent position
statement, the JCIH cited the lack of specialized services for children with multiple disabilities
and hearing loss as one of the major challenges to the future development and success of early
intervention strategies (JCIH, 2007).
As noted, no generalized protocols on effective audiologic treatment strategies for children
with hearing impairment and ASD exist. Audiologic treatment encompasses a broad scope of
intervention approaches. Determining appropriate intervention is dependent on a variety of
factors such as type and degree of hearing loss, individual needs, environmental considerations,
and age of onset. Undoubtedly, there are extensive considerations that go into the audiologic
treatment for all individuals, regardless of additional diagnoses.
For those in which audiologic treatment involves the utilization of amplification, the research
on device fitting and usage for children with the dual diagnosis of ASD and hearing loss,
although meager, indicates the significant challenges audiologists may face when pursuing
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amplification for this population. Challenges could include difficulty obtaining specific
measures, as well as issues with noncompliance, sensory issues, and behavioral considerations.
Resources that provide recommendations for improving hearing aid compliance and
adaptation in children primarily focuses on physical retention strategies which does not address
individualized care and counseling (Anderson & Madell, 2014; Grumm, 2015; Muñoz & Hill,
2015). While these physical retention devices, such as caps and clips, are beneficial, they do not
adequately resolve retention issues in children with ASD as older children can easily remove
these devices. Moreover, individuals with ASD commonly have sensory issues and subsequently,
may be hypersensitive to touch and texture (Rosenhall et al., 1999). As a result, the use of a
supplementary retention device could heighten some individuals’ adverse reactions to the
hearing aids, resulting in increased non-compliant behaviors. Audiologists must instead focus on
addressing the child’s unwillingness to use the amplification device, rather than focus on
implementing retention devices, if they seek to effectively increase hearing aid compliance and
usage and find long-term solutions.
Approaches to Intervention for Individuals with ASD
For professionals working with individuals with ASD, research indicates that intervention
using evidence-based practices tailored to the individual’s needs has positive and lasting effects
on outcomes for this population (Estes et al., 2015; Smith et al., 2015). Essentially, this means
that regardless of the specific profession/field, when working with individuals with ASD,
providers should focus on utilizing evidence-based methods for intervention of individuals with
ASD in general, rather than field-specific approaches to management. Within the context of
audiology and amplification, this would suggest that when difficulties arise, audiologist should
focus on implementing intervention strategies that are specifically proven effective for
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individuals with ASD rather than focusing on audiologic specific intervention approaches such
as physical retention strategies. Currently, there is some debate surrounding which intervention
strategies are valid and effective for implementation with children with ASD. While there are
many approaches to intervention with individuals with ASD, few have both strong scientific
evidence supporting the specific intervention approach and a general consensus among
researchers and professionals regarding the efficacy of the approach (Lindgren & Doobay, 2011;
Simpson et al., 2005). The primary interventions that have both general support from the ASD
community and significant scientific backing are: social skills training, cognitive behavioral
therapy (CBT), medication, early intensive interventions, and ABA therapy (Lindgren &
Doobay, 2011; Simpson et al., 2005). These are each described below and outlined in Table 5.
Social Skills Training
A common issue faced by individuals with ASD is a deficit in social interactions. Social
skills training focuses on the nuances of complex social interactions. The key principle behind
social skills training is the belief that specific aspects of social interaction such as eye contact,
joint attention and verbal greetings can be learned through focused training. There is substantial
evidence that this intervention can be effective for improving social skills and behaviors through
various, focused training methods (Lindgren & Doobay, 2011; National Professional
Development Center on Autism Spectrum Disorders [NPDC], 2011; Simpson et al., 2005).
However, this approach to intervention is not directly relevant to the field of audiology as goals
are focused on individuals’ social skills specifically. While social skills training is beneficial for
individuals with ASD, it is not directly applicable for issues audiologists may face regarding
hearing aid compliance and wear time.
Cognitive Behavioral Therapy
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Cognitive behavioral therapy (CBT) is one of the most widely used non-pharmacologic
treatments for individuals with mental and emotional disorders; its use for interventions with
other populations is also growing, and CBT is now being implemented with individuals with
ASD (Hofmann, Asnaani, Vonk, Sawyer & Fang, 2012; Lindley & Doobay, 2011). The basic
premise behind CBT is that cognitive factors and thoughts contribute to emotional distress,
behavioral problems and mental disorders (Hofmann et al., 2012). CBT focuses on strategies to
change these problematic thoughts which will, in turn, lead to a reduction in emotional distress
and problematic behaviors (Hofmann et al., 2012). CBT consists of a variety of cognitive,
behavioral, and emotion-focused strategies that emphasize cognitive factors, while also
recognizing the role that various emotional, physiological and behavioral components play in the
disorder/diagnosis (Hofmann et al., 2012). Disorder-specific CBT protocols have been developed
to best address specific cognitive and behavioral factors unique to individual diagnoses, but all of
the disorder-specific protocols share the same core model and general approach to treatment
(Hofmann et al., 2012).
For ASD specifically, the primary CBT technique utilized is referred to as “selfmanagement”. The goal of self-management intervention is to help individuals learn how to
independently regulate their own behaviors and act appropriately in a variety of settings.
Individuals with ASD are taught to discriminate between appropriate and inappropriate
behaviors, monitor and record these behaviors independently, and reward themselves when
behaving appropriately (NPDC, 2011). Given the self-reflective nature of CBT, and the
verbalization ability and higher-level cognition required, CBT is primarily used as an
intervention strategy for high-functioning adolescents and adults with ASD (Lindgren &
Doobay, 2011; NPDC, 2011). As CBT is typically only effective when utilized with a high
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functioning, older population, its utilization within the field of pediatric audiology is limited.
While CBT has been shown to improve problematic behaviors, it would be ineffective in
improving hearing aid usage for younger children and individuals with more significant
cognitive difficulties, and as such, should not be the primary approach audiologists adapt for
intervention with children with ASD.
Medication
Pharmacological treatment has been utilized for individuals with ASD as an approach for
treating specific symptoms, not the disorder as a whole. Hyperactivity, inattention, tics,
obsessive-compulsive behaviors, depression, anxiety, and sleep problems are some examples of
ASD symptoms that can be successfully managed with medication (Lindgren & Doobay, 2011).
However, pharmacological treatment can be challenging to manage and medications can often
have significant side effects; additionally, there are no medications that directly treat the social
and language impairments commonly seen in individuals with ASD (Lindgren & Doobay, 2011).
Prescription medication may be appropriate for management of certain symptoms of ASD, but it
is not an aspect of intervention that can be considered for implementation within the field of
audiology. Regardless of the benefits and limitations of pharmacological treatment, prescribing
medications is not within audiologists’ scope of practice (AAA, 2004).
Early Intensive Interventions
Intensive early intervention programs have been shown to produce improvements in
behavior, communication, and cognitive abilities for children with ASD. There are various
approaches, all of which require approximately 25-40 hours to appropriately implement. As most
clinicians do not have the ability to implement 25-40 hours per week of intervention, this
approach has limited utility for the specific purpose of improving hearing aid usage and
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compliance. That said, the specific approaches to intensive early intervention that have
significant scientific backing are the Lovaas-based approach, the Early Start Denver Model
(ESDM), and Early Intensive Behavioral Intervention (EIBI) (Lindgren & Doobay, 2011;
Warren et al., 2011). Research on the efficacy of early intensive intervention indicates that this
intervention provides the best outcomes when it is intensive, long in duration, and delivered
directly to children, rather than caregivers (Howard, Sparkman, Cohen, Green & Stanislaw,
2005). Findings indicate significant improvements in intellectual functioning, communication
skills, and adaptive behavior when intervention is administered for 25-30 hours per week for
children under age three and 35-40 hours per week for children over age three (Howard et al.,
2005). All three of the above approaches utilize ABA strategies as a key aspect of their approach
to intervention (Lindgren & Doobay, 2011). The three approaches primarily differ in their
specific developmental approach and ABA strategies utilized. In regards to potential
implementation for audiologists, while these approaches are proven beneficial, such as for
yielding improvements in problem behaviors, early intensive intervention is challenging to
utilize clinically, given the amount of time required for successful outcomes.
Applied Behavior Analysis (ABA) Therapy
ABA therapy is a scientifically proven approach for effectively improving compliance,
increasing skill acquisition, and decreasing problem behaviors in individuals with ASD
(American Psychology Association, 2017; US Surgeon General, 1998). Although there are other
evidence-based treatment approaches for ASD, the use of ABA principles is considered the gold
standard for effective treatment and intervention in this population (Lindgren & Doobay, 2011).
It is defined as the process of applying behavioral principles to change specific behaviors while
simultaneously evaluating the effectiveness of the intervention (Lindgren & Doobay, 2011).
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Through the process of analyzing behavior and determining its function, positive behaviors
ultimately increase in frequency and negative behaviors ultimately decrease in frequency. There
are a wide range of specific ABA techniques that have significant scientific support, and therapy
is often comprised of multiple strategies for each individual. Through a focus on environmental
factors, potential triggers and potential exacerbators of problem behaviors, ABA emphasizes
prevention and remediation of problem behaviors (Autism Speaks, n.d.). While ABA therapy is
typically recommended for 15 to 40 hours per week, ABA therapy has been found to be effective
in reducing problem behaviors and building social communication in children with ASD when
provided over as little as one hour per week (Lindgren & Doobay, 2011).
Table 5
Evidence-based Interventions for Individuals with ASD
Evidence Based
Intervention

Brief Description

Audiologic Considerations

Social Skills
Training

•

•

Not directly applicable to
audiologic issues of
hearing aid compliance
and wear time

•

Higher level cognitive
abilities and verbalization
required
Mainly utilized with
higher-functioning
adolescents and adults

•
Cognitive
Behavioral
Therapy (CBT)

•
•

Medication

•
•

Early Intensive
Interventions

•

Focuses on facilitating social
interactions
Training to promote development of
skills such as joint attention, eye
contact, and verbal greetings
Strategies focus on understanding
and altering patterns of thought and
behavior
Implements “self-management”; the
individual independently recognizes
and regulates their own behaviors to
act appropriately
Administration of various
substances to treat symptoms of
ASD
Pharmacologic agents could include
antipsychotics, psychostimulants,
supplements, etc.
Time intensive intervention that
focuses on improving behavior,
communication, and cognitive
abilities

•

•

Not within scope of
practice to prescribe
medications

•

Appropriate
implementation requires
25-40 hours per week
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Applied
Behavioral
Analysis (ABA)
Therapy

•
•

Draws from principles of applied
behavior analysis (ABA) with
differences in specific methods and
settings
Analyzes behavior to determine its
function to best change problematic
behaviors
Varies strategies aimed at
remediating and preventing problem
behaviors by recognizing triggers
and environmental factors
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•
•

Proven effective when
implemented for as little
as one hour per week
Strategies have been
adapted for
implementation in related
fields successfully (see
research described below)

ABA: Concepts and Techniques
ABA researchers and practitioners recognize that although noncompliant behavior is
commonly found in this population, this does not mean that this behavior is to be expected and
thus, unalterable (Autism speaks, n.d.). There are a variety of ABA techniques that can be
utilized as part of an ABA program, and each program is entirely individualized to meet the
specific needs of the individual. Before examining the potential implementation of ABA
techniques in audiology and other fields, it is important to first understand some of the key
concepts. In ABA it is believed that all behavior occurs for a reason. There are four functions of
behavior: sensory/automatic, escape, attention and tangible (O’Neill et al., 1997). These four
concepts are outlined below in Table 6.
Table 6
Functions of Behavior
Sensory/Automatic
Escape
Attention

Behavior caused by the fact that it feels good to behave in
a certain way. Specific sensory inputs and experiences can
feel good or relieving.
Behavior is to remove aversive stimuli. The individual
wants to avoid or get out of doing something that is
challenging, unpleasant or non-preferred.
Behavior is because the individual wants focus and
attention from other individuals around them. It could be to
obtain attention from a peer, adult, family member, or
animal.

Development of an ABA Tool Kit for Audiologists
Tangible

40

Behavior is in order to obtain an object, activity, or person.

Behavior analysts believe it is essential to first identify what the function of the behavior is in
order to determine the appropriate strategy to implement to alter the problem behavior.
Practitioners must seek to first understand the individual’s behavior and its functional
relationship with environmental events before determining the best intervention approach for
behavior modification.
The following are definitions of some of the key principles and behavior intervention
strategies in order to provide a basic understanding of some of the more relevant aspects of ABA
intervention (Autism Speaks, 2012; Banda et al., 2003; Lindgren & Doobay, 2011; National
Autism Center, 2009; Wong et al., 2015).
Discrete trial training (DTT): A more-complex skill is broken down into simplified and
structured steps and taught in a series of repetitive “teaching attempts” that are known as discrete
trials. Each discrete trial consists of the same simplified and structured steps. The process of
DTT can promote compliance and skill development through repetition and reinforcement.
Shaping: The reinforcement of successive approximations to a target behavior in order to
establish a dimension of the target behavior.
Reinforcement: anything that serves to promote or maintain a behavior. Reinforcement is
utilized to promote or increase a desired or target behavior.
• Positive reinforcement: The presentation of a stimulus or event thereby increasing the
probability of the occurrence of a behavior in the future; with positive reinforcement, the
individual receives something which, in turn, promotes the target behavior.
• Negative reinforcement: The removal of a stimulus or event thereby increasing the
probability of the occurrence of a behavior in the future; with negative reinforcement, the
individual gets out of something or away from something which, in turn, promotes the
target behavior.
• Contingent reinforcement: Reinforcement is dependent on a specific behavior;
reinforcement is not provided unless the individual does the target behavior.
• Noncontingent reinforcement (NCR): Reinforcement is provided regardless of whether
the individual is doing the target behavior.
Antecedents: Any circumstances, actions and/or events that occur prior to the behavior. As
antecedents may influence the target behavior, intervention can involve modifications to the
antecedents and utilize strategies to implement prior to the occurrence of the behavior; this is
referred to as Antecedent-based Intervention (ABI).
Consequences: Any circumstances, actions and/or events that occur following a behavior that
may promote the behavior and can be modified as part of an intervention plan.
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Functional Behavior Assessment (FBA): The process of identifying a target behavior, the
function/purpose of the target behavior, and the antecedents and consequences surrounding the
behavior that are maintaining or promoting the target behavior. The FBA is utilized to develop
an appropriate intervention plan that can involving modification of antecedents and/or
consequences to promote the new target behavior.
Response cost: Reinforcement, or the opportunity for reinforcement, is removed as the result of
an undesirable or challenging behavior. This is considered a form of punishment and it is
commonly recommended to focus on reinforcement in intervention rather than punishment when
possible.
Response blocking: The process of physically preventing a maladaptive behavior such as selfinjury, inappropriate touching, and removal of clothing from occurring.
Parent training: The process of actively involving parents/caregivers in the therapy process by
providing them with the tools and understanding needed to appropriately implement strategies in
daily life.
Prompting: The process of providing signals/cues that are used to increase the likelihood that the
individual will do a target behavior; prompts are specific types of antecedents aimed at help
individuals to complete a specific task.
Fading: The process of decreasing the level of assistance needed to complete a target behavior;
prompting commonly occurs prior to fading as part of intervention.
Task analysis: Utilized to break complex tasks into a sequence of smaller steps/actions in order
to determine which steps are particularly challenging and require additional instruction.
Chaining: Intervention strategy in which the sub-behaviors or skills required to complete a
larger task are recognized and taught as individual skills to build upon to result in eventual
mastery of the overall target behavior. A task analysis must typically be utilized to effectively
implement chaining.
High-Probability Command Sequence (HPCS)/Behavior Momentum: An antecedent strategy
that aims to increase compliant behaviors through the reinforcement of easier behaviors; by
providing reinforcement for easy behaviors and providing opportunities for success with easier
tasks, the likelihood that the individual will perform the target behavior increases.
Extinction: The reinforcement that has been provided for a behavior is discontinued to eliminate
or decrease the frequency of that behavior in the future.
Token economy: A system created to provide positive reinforcement in order to strengthen a
behavior or increase the frequency of a behavior. Within a token economy, tokens are provided
each time the individual exhibits a target behavior; once a specified number of tokens are earned
the individual can exchange them (similar to payment) for a backup reinforcer which could be
an activity or item that is particular reinforcing for the child.
ABA: Implementation in Other Fields/Professions
It is crucial that audiologists begin to widely recognize that barriers to success in fitting
individuals with ASD and begin to implement potential techniques and strategies to improving
amplification outcomes in this population. Given the scarcity of field-specific research, the
research and techniques of other fields must be examined in the hopes of their future
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applicability and utilization within the field of audiology. As noted, the field of ABA therapy has
been successfully implemented for intervention for individuals with ASD and has significant
scientific evidence supporting its utility for addressing problem behaviors, such as
noncompliance, in individuals with ASD. The efficacy of ABA extends beyond individualized
usage with board-certified ABA therapists (BCBAs) and has been successfully adapted in a
variety of fields. Researchers emphasize the benefits of expanding the settings and populations in
which behavioral analytic approaches are used and suggest the use of ABA in a variety of
settings, including health care and clinical environments (Woods, Miltenberger & Carr, 2006).
Many fields have begun to implement a behavioral analytic approach when working with
individuals with ASD and other disabilities. Some such fields include dentistry, speech therapy,
optometry, and protheses (DeLeon et al., 2013; Hernandez & Ikkanda, 2011; Ogletree & Oren,
2001; O’Neill & Gardner, 1983; Richling, Rapp, Carroll, Smith, Nystedt & Siewert, 2011;
Watson & Gresham, 2013). The implementation of ABA strategies on an individual patient basis
can result in marked improvements in treatment and intervention outcomes, as made evident in
the research below.
Through a thorough review of dental and behavioral analytic literature, Hernandez and
Ikkanda concluded dentists should implement ABA procedures when performing routine dental
treatment (2011). While researchers recognize that basic strategies, such as positive
reinforcement, that are routinely implemented can help in alleviating problem behaviors during
dental treatments, Hernandez and Ikkanda also recommend implementation of more formalized
ABA methods such as functional behavioral assessment (FBA) prior to dental visits, conditioned
reinforcement, and shaping (2011). Dentists are encouraged to implement these strategies in
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order to effectively reduce the need for sedation and restraints for patients with ASD (Hernandez
& Ikkanda, 2011).
ABA principles, such as those outlined earlier, are frequently implemented by speech
therapists when working with individuals with ASD to promote communication and ABA’s
longstanding influence on the field of speech therapy has shown to lead to positive patient
outcomes (Ogletree & Oren, 2001). Techniques including DTT, reinforcement, and response
shaping have been heavily adapted and utilized as treatment methods for communication
impairment in individuals with ASD (Ogletree & Oren, 2001). In a review of the impact of ABA
on other disciplines, Kazdin reported that 21.1% of the articles published in the Journal of
Speech and Hearing disorders utilized behavior methodologies (1975).
More recently, ABA strategies have begun to be implemented within the field of optometry
as well. In a small-scale study, ABA intervention strategies were utilized to increase glasses wear
time in four individuals with intellectual disabilities and visual impairment who refused to wear
prescription glasses previously. The intervention approach consisted of NCR, response cost, and
brief response blocking. Glasses wear time was evaluated over multiple, 30-minute timesampling intervals. Initially, the four participants independently wore their glasses from
approximately 0-40% of the time. By the end of the study, after the effective utilization of the
behavioral intervention, all of the participants were wearing their glasses for 90-100% of the
time-sampling interval (DeLeon et al., 2013).
Similarly, when working with subjects who were unwilling to wear prescription prostheses,
researchers found that after implementing ABA strategies, individuals became significantly more
compliant and began to wear the individual prosthetics 100% of the time (Richling et al., 2011).
Although optometry and prostheses are seemingly unrelated fields, the findings are undoubtedly

Development of an ABA Tool Kit for Audiologists

44

similar. The results of both studies indicate that the implementation of ABA therapy techniques
can reduce noncompliance in individuals, resulting in increased medical device wear time. These
findings suggest that audiology could greatly benefit from expanding treatment protocols to
include ABA therapy techniques for patients with ASD to improve treatment compliance and
post-fitting outcomes.
The Implementation of ABA in Audiology
There are no universal protocols for management of hearing loss for individuals with ASD,
or large-scale research studies providing significant support for specific treatment approaches for
this population in an audiologic setting. However, as previously stated, ABA therapy has been
proven successful for use for individuals with ASD in a broad range of applications; thus, its
potential utility within the field of audiology is apparent. Additionally, ABA therapy has
previously been found beneficial when implemented with children with the sole diagnosis of
hearing loss for improving compliance and reducing problem behaviors (Belcastro, 1979; Gann,
Gaines, Antia, Umbreit & Liaupsin, 2015; Sinnott, 2009). While there is not much research on its
implementation for children with hearing loss plus ASD, there have been several case studies
that have effectively demonstrated the success of ABA techniques for improving compliance and
device wear time in children with hearing loss alone.
ABA for Individuals with Hearing Loss
Multiple studies have been conducted exploring the utilization of various ABA strategies
with individuals with hearing loss. Based on the positive outcomes of these studies, researchers
have found the usage of behavioral modification and ABA strategies beneficial when working
with children with hearing loss in school, home and center-based settings; this research is
described further below.
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In one study, conducted at a school for D/HH students ages 3-21, researchers evaluated the
potential utilization of ABA for D/HH students with problematic behaviors. Researchers first
identified three students with chronic off-task behavior requiring assistance from the school
principle and/or psychologist and either fewer social skills (score ≤ 85) or more problem
behaviors than typical peers (score ≥ 115), as determined by standardized norms on the Teacher
Rating Scale of the Social Skills Improvement System (Gann et al., 2015). They then conducted
a descriptive FBA for these three participants through teacher and student interviews and
classroom observations to identify the function of each participant’s behavior. Once the function
of the students’ behavior was determined, individualized intervention strategies were
implemented. This intervention involved utilizing both reinforcement and extinction. The
primary goal was to either teach the individual to perform the replacement behavior, to adjust
antecedent conditions by improving the environment, adjust the contingencies, or a combination
of all three to alter the participants’ behavior. Researchers found that the first participant’s ontask behavior increased from an average of 22% at baseline to 71% post-intervention, the second
participant’s on-task behavior increased from an average of 25% at baseline to 88% postintervention, and the third participant’s on-task behavior increased from an average of 24% at
baseline to 85% post-intervention. Researchers subsequently concluded that the results of the
study supported the use of ABA strategies such as FBA and reinforcement with D/HH students
(Gann et al., 2015).
Likewise, Sinnott found that the implementation of positive behavior interventions and
supports programs in school districts in Illinois serving D/HH students has resulted in a
significant decrease in behavioral incidents with students and an increase in academic
achievement (2009). Behavior intervention included clearly outlining expected behavior and the
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consequences of problem behavior prior to the occurrence of any problem behaviors,
reinforcement of expected behaviors, and the use of visual aids and reminders regarding
expected behavior. For the reinforcement of expected and appropriate behavior, teachers and
staff used a token system. Sinnott reported that staff members perceived a decrease in the
number of behavioral incidents in the classroom and hallways after only one semester of the
school-wide behavioral intervention. She subsequently advocates for the introduction of
behavioral support plans and appropriate staff training in all school districts throughout the
United States serving students with hearing loss (Sinnott, 2009).
The outcomes of both studies indicate that the usage of ABA therapy with individuals with
hearing loss can significantly improve treatment outcomes. Although the positive results were
not specifically for individuals with the dual diagnoses of ASD and hearing loss, the effective
implementation in both studies indicate the potential utility of ABA with individuals with
hearing loss. Further, as these studies suggest that ABA could serve a purpose in improving the
effectiveness of treatment in a pediatric population with hearing loss, the research shows that
ABA is even more widely applicable within the field of audiology than strictly to those with dual
diagnoses.
This is further illustrated by a 1972 case study conducted by Mira, in which a three-year-old
male with hearing loss would not comply with hearing aid usage, refusing to wear his hearing aid
entirely. Parent training was provided and an individualized plan consisting of ABA strategies
was implemented at home consisting of DTT and reinforcement contingent on hearing aid usage
for a specified period of time. Within the course of one week of the implementation of this
intervention approach, his mother reported his hearing aid wear time increased to the entirety of
the day (Mira, 1972).
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In a literature review conducted by Belcastro, 18 studies involving the usage of behavioral
modification techniques with individuals with hearing loss were reviewed (1979). Intervention
included a variety of ABA strategies such as positive reinforcement, negative reinforcement,
token systems, and task analysis. In these studies, positive outcomes such as increased
responsiveness to auditory stimuli, increased intelligibility of speech and decreased problem
behaviors including physical resistance, tantrums, and noncompliance to demands, were found
(1979). Belcastro thereby concluded that ABA is a crucial approach to intervention with
individuals with hearing loss. Moreover, Belcastro stated that all individuals involved in the care
of individuals with hearing loss, including audiologists, teachers and parents, should familiarize
themselves with various ABA techniques in order to use behavior modification strategies to
improve intervention plans and general outcomes (1979).
ABA for Individuals with the Dual-Diagnosis of Hearing Loss and ASD
In a study conducted by Richling et al., researchers implemented the ABA strategy of
positive reinforcement, specifically in the form of NCR, to improve compliance in one individual
with ASD who was a hearing aid user (2011). After several unsuccessful attempts by parents and
staff to teach the individual to wear his hearing aid, he was referred for the study in the hopes
that researchers could increase his willingness to utilize amplification. During sessions in which
NCR was utilized, the individual wore his hearing aids for the entirety of the session, despite his
previous unwillingness to utilize amplification (Richling et al., 2011). Unfortunately, the
generalizability of the findings is limited as this study involved only one individual with hearing
aids. Additionally, the usage of NCR as the sole ABA strategy may be problematic when
considering the potential future goal of utilizing amplification throughout daily life. NCR
involves providing the individual with consistent reinforcement regardless of if they are
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demonstrating the target behavior. In regards to this study specifically, this means that the
individual was provided with positive reinforcement, even when he was not appropriately
wearing his hearing aids. While this ultimately led to the individual wearing the hearing aids
throughout the entirety of the session, this strategy is not necessarily feasible to implement
throughout daily life. When considering all of an individual’s other responsibilities, goals, and
daily activities, it becomes clear that providing consistent positive reinforcement, regardless of
an individual’s behavior, is not practical. Yet, even if the specific ABA strategy utilized may be
unable to be realistically implemented outside of the present study, the usage of NCR within the
confines of treatment sessions undoubtedly did result in increasing hearing aid wear time for the
individual (Richling et al., 2011). Thus, the findings remain pertinent as they serve to illustrate
the potential promise of utilizing ABA strategies on an individual level when issues with hearing
aid compliance arise.
Easterbrooks and Handley also had positive results after utilizing ABA therapy strategies
with an individual with ASD and hearing loss (2005). Despite the individual’s compliance and
consistent cochlear implant usage, he was not meeting any speech and language goals or
progressing after two years of therapy post-implantation. Positive reinforcement was
implemented, in the form of attention from teachers and staff, with the initial goal of targeting
the individual’s self-stimulating behaviors (i.e. crossing arms and squeezing). Within 30 days,
the implementation of ABA intervention in the form of positive reinforcement resulted in the
extinction of the individual’s self-stimulating behaviors. Positive reinforcement was then utilized
for the modification of more challenging behaviors and resulted in increased compliance in
activities, more positive social interactions, and the following of directions in a school-setting
(Easterbrooks & Handley, 2005). Based on the success of implementing ABA strategies within
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this study, researchers concluded that ABA is an essential tool that could serve as “best practice”
in the treatment and intervention in individuals with hearing loss and ASD (Easterbrooks &
Handley, 2005). Although the study’s outcomes were confined to one individual, and as such,
has poor generalizability, the success should not be disregarded. Given that little data exists to
provide teachers and staff of individuals with the dual diagnoses of ASD and hearing loss, the
success researchers found in utilizing ABA with an individual with this dual diagnosis supports
the potential benefit of implementing ABA strategies with individuals not progressing with
current intervention approaches.
Similarly, in the previously mentioned study conducted by Myck-Wayne et al., one family
reported that they felt that the implementation of ABA intervention was the primary reason for
noticeable improvement in their child’s auditory skills post-implantation (2011). The family
reported that their son was not responding to sound in any meaningful way post-implantation
despite continued cochlear implant usage. It was not until he was receiving consistent ABA
therapy and the D/HH staff worked directly with the ABA behavioral specialist that the parents
began to notice improvement in his auditory behaviors, with him beginning to localize to sound
and turn in response to his name (Myck-Wayne et al., 2011). While the specific ABA strategies
implemented are not specified, the family made it clear that cochlear implant usage and
traditional approaches to audiologic intervention with D/HH children was not benefiting their
son; it was not until strategies were adapted to include ABA approaches to intervention that
improvement was apparent.
In addition to the evidence supporting that ABA therapy can improve problem behaviors and
increase compliance, researchers have also found success in implementing ABA therapy
techniques to effectively enable individuals with hearing loss plus multiple disabilities to
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independently put on and use amplification devices (Tucker & Berry, 1980). Six students with
intellectual disabilities, ages 15-22 were trained on how to independently put on their hearing
aids through prompting, chaining procedures and DTT. All six individuals acquired the skills
needed to insert hearing aids and could effectively put on amplification devices without the help
of teachers, staff and researchers post-intervention (Tucker & Berry, 1980). The usage of ABA
strategies to increase individuals’ independence in utilization of amplification could improve
patient outcomes as this can subsequently both increase amplification wear time and promote
greater independence and responsibility. This could, in turn, result in more positive reactions to
audiologic intervention and treatment in individuals.
The Clinical Implementation
Many researchers have made clear recommendations that ABA strategies should be utilized
by professionals when working with individuals with hearing loss, ASD, and with the dualdiagnosis of ASD plus hearing loss (Belcastro, 1979; Easterbrooks & Handley, 2005; Gann et al.,
2015; Myck-Wayne et al., 2011; Mira, 1972; Richling et al., 2011; Sinnott, 2009; Tucker &
Berry, 1980). Unfortunately, few audiologists actually implement these strategies (Autism
Speaks, n.d.; Lindgren & Doobay, 2011; Tharpe et al., 2001). The lack of generalized protocols
for effective utilization of amplification for individuals with hearing loss and ASD undoubtedly
makes it challenging for clinicians to know how to effectively practice patient-centered care
when treating this population. General guidelines for effective implementation of evidence-based
ABA therapy strategies could serve to best meet the needs of this unique population and improve
outcomes. Current findings indicate that audiologists do not alter their treatment,
recommendations and intervention when working with individuals with ASD and hearing loss,
despite the fact that this population has proven needs that are drastically different from those of
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individuals without this dual diagnosis (Autism Speaks, n.d.; Lindgren & Doobay, 2011; Tharpe
et al., 2001). Given the success of ABA in its usage for treatment with individuals with the sole
diagnosis of ASD, the sole diagnosis of hearing loss, and in individuals with the dual-diagnosis
of ASD and hearing loss, audiologists could greatly benefit by utilizing these methods on an
individualized basis. It has been found that even utilizing an ABA approach for as little as one
hour per week through parent training is proven effective (Lindgren & Doobay, 2011). Thus,
even in instances where audiologists may not have the tools and resources available for more
intensive treatment options, ABA can still improve treatment outcomes. It would be useful for
audiologists to have more information regarding ABA strategies, and how to implement them
when encountering difficulties in hearing aid usage, wear time, and compliance. By equipping
audiologists with information and materials on specific ABA strategies, audiologists could then
have all of the tools needed to implement these strategies for patients with the dual diagnosis of
ASD and hearing loss, as needed.
Specific ABA Strategies for Audiologists: A Tool Kit
The materials described below were developed based on the aforementioned research
regarding the implementation of behavioral modification strategies to improve compliance with
individuals with ASD. As previously mentioned, some key ABA strategies that have been found
to increase compliance in individuals with ASD are positive reinforcement, DTT and HPCS
(Autism Speaks, 2012; Banda et al., 2003; Lindgren & Doobay, 2011; Mira, 1972; National
Autism Center, 2009; Wong et al., 2015). Additionally, the use of visual cues such as token
economies and visual timers have been found to foster more positive outcomes for individuals
with ASD when utilized for behavior modification (Belcastro, 1979; Hume, Wong, Plavnick &
Schultz, 2014; Lindgren & Doobay, 2011; Matson & Boisjoli, 2009; Sinnott, 2009). These
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specific ABA techniques are not an all-inclusive list of the various strategies that could benefit
treatment. However, when considering the research and common issues surrounding effective
hearing aid usage for individuals with the dual-diagnosis of ASD and hearing loss, these
strategies are those which were deemed most likely to benefit the intervention process; more
specifically, in regards to increasing hearing aid usage and wear time for individuals with ASD.
While ABA strategies may be beneficial to utilize during audiologic appointments to increase
productivity and promote positive encounters during sessions, the primary focus of these
materials is the utilization of these proven effective strategies outside of the confines of
audiologic appointments. This is because these materials were created with the ultimate goal of
full-time hearing aid usage during all waking hours, not simply the goal of hearing aid usage
during treatment sessions. By gearing the implementation of these strategies towards parents and
caregivers, the overall goal of increasing hearing aid wear time and compliance is more
generalizable to the child’s daily life and naturalistic environment. Directing these strategies
toward caregiver and parent use allows parents/caregivers to become more engaged in the
process and more involved in the care and treatment of their child. The involvement of parents
and caregivers in the ABA treatment process has been found to result in more positive outcomes
for the child (Crockett, Fleming, Doepke & Stevens, 2007; Gresham, Beebe-Frankenberger &
MacMillan, 1999). Additionally, parent involvement in behavior modification strategies can
result in the more frequent and regular implementation of these strategies than if they were only
being implemented by audiologists during audiologic follow-up appointments. This increase in
parent/caregiver participation and consistency of implementation of these strategies can
ultimately lead to more positive outcomes in shorter amounts of time for individuals.
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Before these ABA strategies can be appropriately implemented, parents and caregivers must
first be adequately educated regarding the utilization of these strategies. To best ensure that
audiologists are able to appropriately educated parents/caregivers, it is essential that the
audiologists first understand these concepts themselves. Appendix A, “The Audiologist’s Guide
to ABA: Increasing Hearing Aid Compliance and Wear Time through Behavioral Modification
Strategies Geared toward Parents” is a booklet created specifically for audiologists that provides
a brief overview of ABA and the key strategies of positive reinforcement, DTT, token
economies, visual timers and HPCS. The first page of this booklet provides a brief overview of
ABA and how it relates to hearing aid usage. The successive pages of this booklet (pages 2-6)
provide a brief description of a specific ABA strategy and detailed explanation of how to
appropriately utilize the strategy to increase hearing aid wear time and compliance. The second
page of the booklet outlines how to appropriately select and provide positive reinforcement, the
third page of the booklet outlines DTT and how to appropriately implement it for individuals, the
fourth page outlines how to appropriately utilize visual timers, the fifth page outlines how to
effectively create and implement token economies, and the sixth page outlines the proper
utilization of HPCS. The final page of the booklet reiterates important facts and considerations
for the aforementioned ABA strategies. The booklet was created to educate audiologists about
these strategies so that they have the understanding required to help parents/caregivers to
effectively utilize these approaches during their daily life.
Appendix B, entitled “How to Determine Appropriate Goals and Reinforcers: Questions
Audiologists Should Ask Parents”, is designed to be utilized during a clinical session with the
child’s parent/caregiver. One of the most crucial aspects of an effective ABA approach to
intervention is determining an appropriate goal and reinforcer for the individual. The initial goal
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for hearing aid wear-time must be achievable so that the child receives positive reinforcement, in
the form of an appropriately selected reinforcer. It is important to select an appropriate reinforcer
as the reinforcer must be something that is enticing enough for the child that they are interested
to work toward receiving the reinforcer, but something that the family is also comfortable with
not providing to the child should the child not meet their time goal for hearing aid wear-time.
This worksheet provides an extensive list of questions for the audiologist to ask the child’s
parent/caregiver to best determine an appropriate initial goal and reinforcer for the individual.
When determining the best goal and reinforcer it is important to ask comprehensive questions to
ensure that the intervention can be as effective as possible for the individual; this handout should
be utilized so the clinician and parent can openly communicate and determine together what
would work best for the individual child.
Appendix C, “Increasing Hearing Aid Wear Time: A Basic Template for Parents”, is also
intended to be used during an audiologic session. Once the appropriate goal and reinforcer have
been determined, the audiologist, the child’s parent/caregiver, and when possible, the child, can
fill out this template together. This template serves as a very straightforward handout for the
parent/caregiver and the child to be able to clearly see the specific goal and reinforcer. This
template is intended to be filled out in the clinical environment with the help of the audiologist
and given to the parent/caregiver to bring home with them. By providing a clear worksheet
illustrating the child’s goal and reinforcer, it can serve as a reminder for the child of both what
the expectations are, and what reward they are able to obtain when that expectation is met.
Appendixes D-G are parent guides to the specific ABA strategies outlined in the booklet for
audiologists (Appendix A). Appendix D is a parent guide to DTT, Appendix E is a parent guide
to a visual timer, Appendix F is a parent guide to a token economy and Appendix G is a parent
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guide to HPCS/behavior momentum. Once the audiologist determines which strategy, or
strategies, would work best for the individual, the audiologist can provide the appropriate parent
guide to the parent/caregiver so that they can understand the purpose of the strategy and how to
appropriately implement it at home with their child. These parent guides are intended to serve as
companion handouts to the information the audiologist learned through the booklet. Each parent
guide explains one strategy outlined in the booklet in a more clear and concise way in order to
present the information to parents/caregivers in a more straightforward modality. As previously
stated, each strategy can be utilized on its own or in conjunction with some of the other
strategies; it is the audiologist’s responsibility to determine which approach or approaches would
best serve the needs of the individual and the individual’s family through open communication
and patient-centered care.
Finally, Appendixes H-J are examples of token economies. Appendix H illustrates a very
basic token board, in which the child only has to obtain three tokens, in the form of smiley faces,
before receiving the backup reinforcer, in the form of a cookie. Appendix I is another token
board. In this example, the child must obtain six tokens, or stars, before receiving their backup
reinforcer, which is iPad time in this case. Appendix J shows a more complex example of a token
economy in which the individual is able to select between a variety of backup reinforcers, all of
which “cost” varying amounts of tokens, or bonus bucks, to obtain. In this case, the child can
determine which reinforcer they would like based on how many bonus bucks they currently
have. The individual child is able to decide on their own if they wish to continue saving their
bonus bucks to obtain a larger backup reinforcer later, or if they want to trade in a smaller
amount of bonus bucks to obtain a smaller backup reinforcer earlier. Appendixes H-J illustrate
how token economies can vary based on the individual. Appendixes H and I both provide clear
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visual reinforcement, in the form of blank spaces in which the child will place their tokens each
time they receive a token and in the form of the image of the backup reinforcer. Comparatively,
Appendix J does not provide images or blank spaces and instead has a written explanation of the
token economy and the backup reinforcers. The time delay for each token economy for the child
to receive their backup reinforcer also varies as the individual requires a greater number of
tokens to receive their backup reinforcer in Appendix I than in Appendix H, and even greater in
Appendix J. It is important to note that the token economy that would work best for each
individual child must be based on the child’s goal for hearing aid wear time, and the child’s
abilities. These three token economies are meant to serve as examples for audiologists to better
understand how varied token economies can be to then be able to then create their own token
economy based on the individual child’s needs.
Ultimately, all of the materials encompassed in the tool kit are meant to serve as a general
guide for proper and effective usage of ABA strategies for improvement of hearing aid usage and
success rates for individuals with both hearing loss and ASD. They are not meant to serve as the
sole means for effective treatment and intervention for individuals in this population. Rather,
these materials are meant to be included as part of a more individualized audiologic intervention
plan that can be applied, as needed, for individuals of all chronological age and ability levels
with the dual diagnosis of ASD and hearing loss.

Development of an ABA Tool Kit for Audiologists

57

References
American Academy of Audiology. (2004). Scope of Practice. Retrieved from
https://www.audiology.org/publications-resources/document-library/scope-practice
American Academy of Audiology. (2012). Practice Guidelines: Assessment of Hearing in Infants
and Young Children. Retrieved from
https://www.audiology.org/sites/default/files/publications/resources/Assessment%20of%
20Hearing%20in%20Infants%20and%20Young%20Children_FINAL%208.2012.pdf
American Academy of Audiology. (2013). Practice Guidelines: Pediatric Amplification.
Retrieved from http://galster.net/wp-content/uploads/2013/07/AAA-2013-Pediatric-AmpGuidelines.pdf
American Psychiatric Association. (2000). Diagnostic and statistical manual of mental disorders
(4th ed.). Arlington, VA: American Psychiatric Publishing.
American Psychiatric Association. (2013). Diagnostic and statistical manual of mental disorders
(5th ed.). Arlington, VA: American Psychiatric Publishing.
American Psychological Association. (2017). APA Policy: Applied Behavior Analysis.
Retrieved from: http://www.apa.org/about/policy/applied-behavior-analysis.aspx
Anderson, K. L., & Madell, J. R. (2014). Improving Hearing and Hearing Aid Retention for
Infants and Young Children: A practical survey and study of hearing aid retention
products. Retrieved from http://www.hearingreview.com/2014/03/improving-hearinghearing-aid retention-infants-young-children/
Autism Speaks. (n.d.). Applied Behavior Analysis (ABA). Retrieved from
https://www.autismspeaks.org/applied-behavior-analysis-aba-0
Autism Speaks. (2012). Challenging Behaviors Tool Kit. Retrieved from

Development of an ABA Tool Kit for Audiologists

58

https://www.autismspeaks.org/tool-kit/challenging-behaviors-tool-kit
Banda, D. R., Neisworth, J. T., & Lee, D. L. (2003). High-probability request sequences and
young children: Enhancing compliance. Child & family behavior therapy, 25(2), 17-29.
Beals, K. (2004). Early intervention in deafness and autism: One family's experiences,
reflections, and recommendations. Infants & Young Children, 17(4), 284-290.
Beers, A. N., McBoyle, M., Kakande, E., Santos, R. C. D., & Kozak, F. K. (2014). Autism and
peripheral hearing loss: A systematic review. International Journal of Pediatric
Otorhinolaryngology, 78(1), 96-101.
Belcastro, F. P. (1979). Use of behavior modification with hearing-impaired subjects. American
annals of the deaf, 820-824.
Berrettini S., Forli F., Genovese E., Santarelli R., Arslan E., Chilosi A. M., Cipriani P.
(2008). Cochlear implantation in deaf children with associated disabilities:
Challenges and outcomes. International Journal of Audiology, 47, 199–208
doi:10.1080/14992020701870197
Cantiani, C., Choudhury, N. A., Yan, H. Y., Shafer, V. L., Schwartz, R. G., & Benasich, A.
(2016). From sensory perception to lexical-semantic processing: An ERP study in nonverbal children with autism. PloS one, 11(8).
Centers for Disease Control and Prevention. (2018). Autism spectrum disorder: Data & statistics.
Retrieved from https://www.cdc.gov/ncbddd/autism/data.html
Centers for Disease Control and Prevention. (2019). Autism spectrum disorder: Screening and
Diagnosis of Autism Spectrum Disorder. Retrieved from
https://www.cdc.gov/ncbddd/autism/screening.html
Cloppert, P., & Williams, S. (2005, November). Evaluating an enigma: What people with

Development of an ABA Tool Kit for Audiologists

59

autism spectrum disorders and their parents would like audiologists to know.
In Seminars in Hearing (Vol. 26, No. 04, pp. 253-258).
Connecticut Children’s Medical Center. (2017). What to expect. Retrieved from
https://www.connecticutchildrens.org/search-specialties/audiology/what-toexpect/
Cupples, L., Ching, T. Y., Crowe, K., Seeto, M., Leigh, G., Street, L., ... & Thomson, J. (2013).
Outcomes of 3-year-old children with hearing loss and different types of additional
disabilities. Journal of deaf studies and deaf education, 19(1), 20-39.
Crockett, J. L., Fleming, R. K., Doepke, K. J., & Stevens, J. S. (2007). Parent training:
Acquisition and generalization of discrete trials teaching skills with parents of children
with autism. Research in developmental disabilities, 28(1), 23-36.
Davis, R., & Stiegler, L. N. (2005). Toward more effective audiological assessment of children
with autism spectrum disorders. In Seminars in Hearing (Vol. 26, No. 04, pp. 241-252).
Thieme Medical Publishers, USA.
DeLeon, I. G., Hagopian, L. P., Rodriguez‐Catter, V., Bowman, L. G., Long, E. S., & Boelter, E.
W. (2013). Increasing wearing of prescription glasses in individuals with mental
retardation. Journal of applied behavior analysis, 41(1), 137-142.
Donaldson, A. I., Heavner, K. S., & Zwolan, T. A. (2014). Measuring progress in children with
autism spectrum disorder who have cochlear implants. Archives of Otolaryngology–Head
& Neck Surgery, 130(5), 666-671.
Easterbrooks, S. R., & Handley, C. M. (2005). Behavior change in a student with a dual
diagnosis of deafness and pervasive developmental disorder: A case study. American
Annals of the Deaf, 150(5), 401-407.

Development of an ABA Tool Kit for Audiologists

60

Estes, A., Munson, J., Rogers, S. J., Greenson, J., Winter, J., Dawson, G. (2015). Long-term
outcomes of early intervention in 6-year-old children with autism spectrum disorder.
Journal of the American Academy of Child & Adolescent Psychiatry, 54, 580–587.
doi:10.1016/j.jaac.2015.04.005
Fischetti, A. T., Wilder, D. A., Myers, K., Leon‐Enriquez, Y., Sinn, S., & Rodriguez, R. (2012).
An evaluation of evidence-based interventions to increase compliance among children
with autism. Journal of applied behavior analysis, 45(4), 859-863.
Fitzpatrick, E. M., Lambert, L., Whittingham, J., & Leblanc, E. (2014). Examination of
characteristics and management of children with hearing loss and autism spectrum
disorders. International journal of audiology, 53(9), 577-586.
Fukuda S., Fukushima K., Maeda Y., Tsukamura K., Nagayasu R., Toida N, … Nishizaki K.
(2003). Language development of a multiply handicapped child after cochlear
implantation. International Journal of Pediatric Otorhinolaryngology, 67, 627–633.
doi:10.1016/S0165-5876(03)00016-8
Gallaudet Research Institute. (2011). Regional and national summary report of data from the
2009–2010 annual survey of deaf and hard of hearing children and youth. Washington,
DC: GRI, Gallaudet University.
Gann, C. J., Gaines, S. E., Antia, S. D., Umbreit, J., & Liaupsin, C. J. (2015). Evaluating the
effects of function-based interventions with deaf or hard-of-hearing students. The Journal
of Deaf Studies and Deaf Education, 20(3), 252-265.
Gravel, J.S., Dunn, M., Lee, W.W. and Ellis, M.A. (2006). Peripheral audition of children on the
autistic spectrum. Ear and Hearing, 27, 299-312.
Gresham, F. M., Beebe-Frankenberger, M. E., & MacMillan, D. L. (1999). A selective review of

Development of an ABA Tool Kit for Audiologists

61

treatments for children with autism: Description and methodological considerations.
School Psychology Review, 28(4), 559-575.
Grewe, T. S., Danhauer, J. L., Danhauer, K. J., & Thornton, A. R. D. (1994). Clinical use of
otoacoustic emissions in children with autism. International journal of pediatric
otorhinolaryngology, 30(2), 123-132.
Grumm, M. (2015). Hearing Loss and Co-Occurring Developmental Disability:
Recommendations for Improved Clinical Practice.
Hall III, J. W. (2016). Crosscheck principle in pediatric audiology today: a 40-year perspective.
Journal of audiology & otology, 20(2), 59.
Hansen, S., & Scott, J. (2018). A systematic review of the autism research with children who are
deaf or hard of hearing. Communication Disorders Quarterly, 39(2), 330-334.
Hernandez, P., & Ikkanda, Z. (2011). Applied behavior analysis: behavior management of
children with autism spectrum disorders in dental environments. The Journal of the
American Dental Association, 142(3), 281-287.
Hertz-Picciotto, I., & Delwiche, L. (2009). The rise in autism and the role of age at diagnosis.
Epidemiology (Cambridge, Mass.), 20(1), 84.
Hofmann, S. G., Asnaani, A., Vonk, I. J., Sawyer, A. T., & Fang, A. (2012). The efficacy of
cognitive behavioral therapy: A review of meta-analyses. Cognitive therapy and
research, 36(5), 427-440.
Holt R., Kirk K. (2005). Speech and language development in cognitively delayed children with
cochlear implants. Ear and Hearing, 26, 132–148 doi:10.1097/00003446-20050400000003
Howard, J. S., Sparkman, C. R., Cohen, H. G., Green, G., & Stanislaw, H. (2005). A comparison

Development of an ABA Tool Kit for Audiologists

62

of intensive behavior analytic and eclectic treatments for young children with autism.
Research in developmental disabilities, 26(4), 359-383.
Hume, K., Wong, C., Plavnick, J., & Schultz, T. (2014). Use of visual supports with young
children with autism spectrum disorders. Handbook of early intervention for autism
spectrum disorders (pp. 293-313). Springer, New York, NY.
Jerger, J., Hayes D. (1976). The cross-check principle in pediatric audiometry. Archives of
Otolaryngology. 1976;102:614–620.
Jerger, J., & Musiek, F. (2000). Report of the consensus conference on the diagnosis of auditory
processing. Journal of the American Academy of Audiology, 11(9), 467-474.
Joint Committee on Infant Hearing. (2007). Year 2007 position statement: Principles and
guidelines for early hearing detection and intervention programs. Pediatrics, 120, 898–
921.
Jure, R., Rapin, I., & Tuchman, R. F. (1991). Hearing-impaired autistic children. Developmental
Medicine & Child Neurology, 33(12), 1062-1072.
Kaga K., Shindo M., Tamai F., Tanaka Y. (2007). Changes in auditory behaviours of multiply
handicapped children with deafness after hearing aid fitting. Acta Oto Laryngologica
Supplement, 559, 9–12 doi:10.1080/03655230701596368
Kazdin, A.E. (1975). The impact of applied behavior analysis on diverse areas of research.
Journal of Applied Behavior Analysis, 8, 213-229.
Kazdin, A.E. (2012). Behavior modification in applied settings. Waveland Press.
Khalfa, S., Bruneau, N., Rogé, B., Georgieff, N., Veuillet, E., Adrien, J. L., Barthélémy, C., &
Collet, L. (2004). Increased perception of loudness in autism. Hearing research, 198(12), 87-92.

Development of an ABA Tool Kit for Audiologists

63

King, M., & Bearman, P. (2009). Diagnostic change and the increased prevalence of
autism. International journal of epidemiology, 38(5), 1224-1234.
King, B. H., Navot, N., Bernier, R., & Webb, S. J. (2014). Update on diagnostic classification in
autism. Current opinion in psychiatry, 27(2), 105.
Lee Y-M., Kim L-S., Jeong S-W., Kim J-S., Chung S-H. (2010). Performance of children with
mental retardation after cochlear implantation: Speech perception, speech intelligibility,
and language development. Acta Otolaryngologica, 130, 924–934
doi:10.3109/0001648090351802
Lindgren, S., & Doobay, A. (2011). Evidence-based interventions for autism spectrum
disorders. The University of Iowa, Iowa.
Lord, C., Risi, S., DiLavore, P. S., Shulman, C., Thurm, A., & Pickles, A. (2006). Autism from 2
to 9 years of age. Archives of general psychiatry, 63(6), 694-701.
Matson, J. L., & Boisjoli, J. A. (2009). The token economy for children with intellectual
disability and/or autism: A review. Research in Developmental Disabilities, 30(2), 240248.
Mira, M. (1972). Behavior modification applied to training young deaf children. Exceptional
children, 39(3), 225-229.
Myck-Wayne, J., Robinson, S., & Henson, E. (2011). Serving and supporting young children
with a dual diagnosis of hearing loss and autism: The stories of four families. American
Annals of the Deaf, 156(4), 379-390.
Muñoz, K., & Hill, M. M. (2015). Hearing aid use for children with hearing loss: A literature
review. perspectives on hearing and hearing disorders in childhood, 25(1), 4-14.

Development of an ABA Tool Kit for Audiologists

64

National Autism Center (2009). National Standards Report. Randolph, MA: National Autism
Center.
National Professional Development Center on Autism Spectrum Disorders (2011). EvidenceBased Practices. Retrieved from: http://autismpdc.fpg.unc.edu
Ogletree, B. T., & Oren, T. (2001). Application of ABA principles to general communication
instruction. Focus on Autism and Other Developmental Disabilities, 16(2), 102-109.
O'Neill, G. W., & Gardner, R. (1983). Behavioral principles in medical rehabilitation: A
practical guide. Charles C Thomas Pub Ltd.
O'Neill, R., Horner, R., Albin, R., Sprague, J., Storey, K., & Newton, J. (1997). Functional
Assessment and Programme Development for Problem Behaviour: A Practical
Handbook. Pacific Grove, CA. Brooks/Cole Publishing Company.
Pierce, K., Gazestani, V. H., Bacon, E., Barnes, C. C., Cha, D., Nalabolu, S., ... & Courchesne,
E. (2019). Evaluation of the diagnostic stability of the early autism spectrum disorder
phenotype in the general population starting at 12 months. JAMA pediatrics, 173(6), 578587.
Richling, S. M., Rapp, J. T., Carroll, R. A., Smith, J. N., Nystedt, A., & Siewert, B. (2011).
Using noncontingent reinforcement to increase compliance with wearing prescription
prostheses. Journal of applied behavior analysis, 44(2), 375-379.
Roesler, C. P., Flax, J., MacRoy-Higgins, M., Fermano, Z., Morgan-Byrne, J., & Benasich, A. A.
(2013). Sensory desensitization training for successful net application and EEG/ERP
acquisition in difficult to test children. Communication Disorders Quarterly, 35(1), 1420.
Roper, L., Arnold, P., & Monteiro, B. (2003). Co-occurrence of autism and deafness: diagnostic

Development of an ABA Tool Kit for Audiologists

65

considerations. Autism, 7(3), 245-253.
Rosenhall U., Nordin V., Sandström M., Ahlsén G. & Gillberg C. 1999. Autism and hearing loss.
Journal of Autism and Developmental Disorders, 29, 349-57.
Sabo, D. L. (1999). The audiologic assessment of the young pediatric patient: the clinic. Trends
in amplification, 4(2), 51-60.
Sharma, A., Dorman, M. F., & Spahr, A. J. (2002). Rapid development of cortical auditory
evoked potentials after early cochlear implantation. Neuroreport, 13(10), 1365-1368.
Simonoff, E., Pickles, A., Charman, T., Chandler, S., Loucas, T., Baird, G. (2008). Psychiatric
disorders in children with autism spectrum disorders: Prevalence, comorbidity, and
associated factors in a population-derived sample. Journal of the American Academy of
Child & Adolescent Psychiatry, 47, 921–929. doi:10.1097/CHI.0b013e318179964f
Simpson, R. L., de Boer-Ott, S., Griswold, D. E., Myles, B. S., Byrd, S. E., Ganz, J. B., Cook, K.
T., ... & Adams, L. G. (2005). Autism spectrum disorders: Interventions and treatments
for children and youth. Corwin press.
Sinnott, C. (2009). Program-wide behavior support plans for programs serving students who are
deaf or hard of hearing in Illinois. American annals of the deaf, 154(3), 293-299.
Smith, T., Klorman, R., Mruzek, D. W. (2015). Predicting outcome of community-based early
intensive behavioral intervention for children with autism. Journal of Abnormal Child
Psychology, 43, 1271–1282. doi:10.1007/s10802-015-0002-2
Szymanski C. A., Brice P. J., Lam K. H., Hotto S. A. (2012). Deaf children with autism spectrum
disorders. Journal of Autism and Developmental Disorders, 42, 2027–2037.
doi:10.1007/s10803 012-1452-9
Tharpe, A. M., Bess, F. H., Sladen, D. P., Schissel, H., Couch, S., & Schery, T. (2006). Auditory

Development of an ABA Tool Kit for Audiologists

66

characteristics of children with autism. Ear and hearing, 27(4), 430-441.
Tharpe, A., Fino-Szumski, M., & Bess, F. (2001). Survey of hearing aid fitting practices for
children with multiple impairments. American Journal of Audiology, 10(1), 32-40.
Tucker, D. J., & Berry, G. W. (1980). Teaching severely multihandicapped students to put on
their own hearing aids. Journal of Applied Behavior Analysis, 13(1), 65-75.
United States Surgeon General (1998). Mental health: A report of the Surgeon General.
Washington, DC: Author.
Vernon, M. & Rhodes, A. (2009). Deafness and Autistic Spectrum Disorders. American Annals
of the Deaf, 154(1), 5-14. Gallaudet University Press.
Waltzman S. B., Scalchunes V., Cohen N. L. (2000). Performance of multiply handicapped
children using cochlear implants. The American Journal of Otology, 21, 329–335.
Warren, Z., McPheeters, M. L., Sathe, N., Foss-Feig, J. H., Glasser, A., & VeenstraVanderWeele, J. (2011). A systematic review of early intensive intervention for autism
spectrum disorders. Pediatrics, 127(5), e1303-e1311.
Watson, T. S., & Gresham, F. M. (Eds.). (2013). Handbook of child behavior therapy. Springer
Science & Business Media.
Woods, D. W., Miltenberger, R. G., & Carr, J. E. (2006). Introduction to the special section on
clinical behavior analysis. Journal of applied Behavior analysis, 39(4), 407.
Wong, C., Odom, S. L., Hume, K. A., Cox, A. W., Fettig, A., Kucharczyk, S., ... & Schultz, T. R.
(2015). Evidence-based practices for children, youth, and young adults with autism
spectrum disorder: A comprehensive review. Journal of autism and developmental
disorders, 45(7), 1951-1966.

Development of an ABA Tool Kit for Audiologists

67

Appendix A
The Audiologist’s Guide to ABA: Increasing Hearing Aid Compliance and Wear Time
through Behavioral Modification Strategies Geared toward Parents
*Please note that Appendix A is formatted as a brochure with the page numbers printed correctly
when printed as a double-sided document on short edge of paper
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How to Determine Appropriate Goals and Reinforcers: Questions Audiologists Should
Ask Parents
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Increasing Hearing Aid Wear Time: A Basic Template for Parents
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Appendix D
Increasing Hearing Aid Wear Time Through Discrete Trial Training (DTT): A Guide for
Parents
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Increasing Hearing Aid Wear Time with a Visual Timer: A Guide for Parents
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Increasing Hearing Aid Wear Time with a Token Economy: A Guide for Parents
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Appendix G
Increasing Hearing Aid Wear Time through Behavioral Momentum: A Guide for Parents
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